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1.診療活動

診療活動においては平成 28 年度の実績として総稼働額 38 億 4300 万円（附属病院第２位）、在

院日数は 7.6 日（附属病院第１位）、限界利益は外科に肉薄する 20 億円で附属病院第 2位（１位

は外科全体で 24 億円）、DPC II 以内の退院率は 80％で附属病院第１位の成績をあげ大変な診療

実績を収めている。一日当たり入院患者は 84.7 人（附属病院第１位）、入院延患者数 30,919 人（附

属病院第１位）、外来延患者数 49,143 人（附属病院第１位）、紹介患者数 3,259 件（附属病院第

２位）、診療所以外の病院からの紹介患者数 1,363 件（附属病院第１位）。また 2016 年 10 月から

は病床数も 80 床から 95 床へと 15 床増床、2017 年５月から５床増床され 100 床になった。それ

にも関わらず稼働率 90-95％、在院日数 6-7 日と以前と同様の数字をキープしている。このよう

なことから消化器内科の病院収入への貢献は大変に大きいものがある。引き続きこのような高度

で active な診療活動を継続していただきたいと考えている。

2.教育活動

教育は当然のことながら大学医学部の役割の極めて根幹を占める重要な部分であります。消化

器内科学は消化器コースの内の肝臓の責任科であり、肝臓のユニットを 1週間担当している他、

上部消化管、下部消化管、胆膵のユニットや臨床腫瘍コースならびに画像診断のコースでも講義

を担当しております。更には病因・病態のコースの 3週間のうち 1週間の責任科として大変多忙

な教育活動を行っております。5 年生 6 年生のクリニカルクラークシップも例年 6 年生を常時 6

人程度受け入れており、講義や総括など充実した bed side 教育となるよう全力を尽くしており

ます。国家試験の成績も是非とも向上させなければなりません。

平成 20 年 10 月から病院長に任ぜられ、3期目となりましたが無事平成 26 年 9月には任期満了

により退任いたしました。その間は公務のために教育活動の多くの部分を渡邉准教授、松井講師

はじめ多くの先生方にご負担をおかけすることになってしまい、申し訳なく思っております。消

化器コース及び病因・病態コースあるいは日々のクリニカルクラークシップ等の教育活動では決

して手を抜かず積極的に行っていくつもりですので何卒ご容赦下さい。この紙面をお借りして感

謝とお詫びを申し上げたいと思います。

2017 年 Annual Report の発刊にあたって

近畿大学消化器内科学教室主任教授　工藤正俊
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3.　研究活動

（1）論文業績

英文論文の発表は 1999 年消化器内科の設立当初は一桁台でありましたが、年と共に確実に増

加し、3 年目からは平均 20 編以上の英文論文がコンスタントに出るようになりました。2010 年

の英文論文数は51編に達しました。残念ながら2011年は48編、2012年は44編にとどまりました。

しかし、2014 年からは再び 57 編と 50 編の大台に回復しました。また 18 年間の総インパクトファ

クターは 3901.262 点であり英文総論文数は 741 編ですので、近畿大学消化器内科のような小さ

な所帯の教室としてはまずまずの結果を残せているのではないかと思っております。来年以降は

最低、英文原著論文は 60 編以上を目標に頑張っていきたいと考えておりますので教室員の皆様

の自覚と更なる奮闘を期待致しております。

（2）厚生労働省科学研究費補助金事業研究班の活動

平成 22 年度に採択された厚労科研（がん臨床部門）「進行・再発肝細胞癌に対する動注化学療

法と分子標的薬併用による新規治療法の確立を目指した臨床試験（Phase III）ならびに効果を

予測する biomarker の探索研究」（工藤班）の主任研究者として日本発のエビデンスを創出すべく、

努力していまいりました（平成 22－ 24 年）。また平成 23 年度には厚労科研（難病 ･がん等の疾

患分野の医療の実用化部門）「慢性ウイルス性肝疾患の非侵襲的線化評価法の開発と臨床的有用

性の確立」（工藤班）の主任研究者としても採択され、多くの大学との協同研究を行いました（平

成 23－ 25 年）。平成 26 年度には厚生労働科学研究委託費（肝炎等克服実用化研究事業（肝炎等

克服緊急対策研究事業））「慢性ウイルス性肝炎の病態把握（重症度・治療介入時期・治療効果判

定・予後予測）のための非侵襲的病態診断アルゴリズムの確立」という課題が採択され、平成 26

年度には平成 27 年度日本医療研究開発機構（AMED）の委託費となりました。平成 30 年度、令和

元年度からは（臨床研究等 ICT 基盤構築・人工知能実装研究事業）「人工知能の利活用を見据え

た超音波デジタル画像のナショナルデータベース構築基盤整備に関する研究」(平成 30 年度 )と

平成 31 年度からは「超音波デジタル画像のナショナルデータベース構築と人工知能支援型超音

波診断システム開発に関する研究」が採択され、日本超音波医学会理事長として AI開発の研究

が進行中です。

またその他にも下記の厚労科研の分担研究者として教室の先生方に実務を担当して頂いており

ます。この場をお借りして感謝申し上げます。
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(3) Research Conference

English Reseach Conference 出席状況

2012 2013 2014 2015 2016 2017

出席数 出席率 出席数 出席率 出席数 出席率 出席数 出席率 出席数 出席率 出席数 出席率

工藤 32/32 100% 25/25 100% 22/22 100% 21/21 100% 28/28 100% 26/26 100%

樫田 27/32 84% 19/25 76% 20/22 91% 16/21 76% 20/28 71% 22/26 84%

辻 - - - - - - - - - - - -

西田 24/32 75% 10/25 40% 4/22 18% 13/21 62% 9/28 32% 7/26 26%

渡邉 - - - - - - - - - - 12/26 46%

北野 25/32 78% 21/25 84% 12/22 55% 9/21 43% 2/28 7% - -

松井 30/32 94% 23/25 92% 20/22 91% 21/21 100% 25/28 89% 26/26 100%

上嶋 9/32 28% 6/25 24% 5/22 23% 9/21 43% 15/28 43% 5/26 19%

櫻井 25/32 78% 15/25 60% 15/22 68% 14/21 67% 20/28 71% 22/26 84%

依田 - - - - - - - - - - 26/26 100%

南（康） 31/32 97% 22/25 88% 19/22 86% 20/21 95% 15/28 54% 22/26 84%

萩原 10/32 31% 9/25 36% 4/22 18% 12/21 57% 8/28 29% 6/26 23%

竹中 - - - - - - - - 20/28 71% 14/26 53%

米田 - - - - 22/22 100% 17/21 81% 23/28 82% 21/26 80%

田北 9/23 39% 12/25 48% 4/22 18% 8/21 38% 13/28 46% 8/26 30%

永井 23/32 72% 14/25 56% - - 14/21 67% 16/28 57% 17/26 65%

今井 13/32 41% 7/25 28% 8/22 36% 16/21 76% - - 17/26 65%

山雄 - - 14/25 56% 19/22 86% 16/21 76% 22/28 79% 22/26 84%

山田 23/25 92% 15/25 60% 6/22 27% 8/21 38% - - 11/26 42%

鎌田 16/32 50% 9/25 36% 6/22 27% 15/21 71% 27/27 96% 7/26 26%

高山 16/32 50% 16/25 64% 4/22 18% - - - - - -

宮田 22/32 69% 15/25 60% 17/22 77% 11/21 52% 18/28 64% 13/26 50%

松田 - - - - - - 9/21 43% - - - -

三長 - - - - - - 11/21 52% 19/28 68% 12/26 46%

河野(匡) - - - - 20/22 91% 8/21 38% 12/28 43% 16/26 61%

中井 - - - - - - - - - 12/26 46%

山﨑 - - - - - - - - - - - -

大本 29/32 91% 19/25 76% 18/22 82% 15/21 71% 13/28 46% 14/26 53%
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千品 29/32 91% 22/25 88% 17/22 77% 10/21 48% 10/28 48% 13/26 50%

南（知） - - 21/25 84% 19/22 86% 16/21 76% 18/28 64% 13/26 50%

正木 - - - - - - - - - - - -

岡本 - - - - - - - - 15/28 54% 24/26 92%

岡元 - - 12/25 48% 18/22 82% 14/21 67% 19/28 68% 22/26 84%

石川 - - - - - - - - - - 19/26 73%

橋本 - - - - - - - - - - - -

木下 - - - - - - - - - - 21/26 80%

髙田 - - - - - - - - - - 13/26 50%

吉川 - - - - - - - - - - - -

河野(辰) - - - - - - - - - - 16/26 61%

高島 - - - - - - - - - - 19/26 73%

田中 - - - - - - - - - - 19/26 73%

半田 - - - - - - - - - - 21/26 80%

福永 - - - - - - - - - - 17/26 65%

吉田 - - - - - - - - - - 16/26 61%

大塚 - - - - - - - - - - - -

益田 - - - - - - - - - - - -

松村 - - - - - - - - - - - -

4.学会活動および海外における活動

2017 年における国内の学会発表については 26 演題、国際学会（米国及び国際学会＋シンポ・

パネル）の発表については 46 演題、海外特別講演は 6、国内特別講演は 44 でありました。私自

身の海外出張（特別講演・招待講演のみ）は 2017 年は 26 回となりました。

 1. 1月12日－13日

China Lenvima Launch Meeting Eisai China Advisory Boardに参加(Shanghai, China)

 2. 1月17日－19日

消化器癌シンポジウムに参加(ASCO-GI 2017)(San Francisco, USA)

 3. 2月14日

EMERALD-1(D933GC00001)試験 Investigator meetingに参加(Bangkok,　Thailand)

 4. 2月17日

第26回アジア太平洋肝臓病学会議年次総会にて招待講演(APASL 2017)(Shanghai, China)
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 5. 2月21日－23日

APASL2017Manilaにて発表(Manila, Philipin)

 6. 3月8日

INTR＠PID BTC047 Investigator Meetingに参加(Taipei, Taiwan)

 7. 3月29日

Hepatocellular Carcinoma Symposiumに参加(Hong Kong, China)

 8. 4月17日－4月23日

欧州肝臓病学会 (EASL)2017にて Roche 、バイエル Advisory Board に参加 (Amsterdam, 

Netherland)

 9. 4月15日－4月16日

バイエル Advisory Boardにて講演(Taipei, Taiwan)

10. 5月6日－5月9日

米国消化器病週間に参加(DDW2017)(Chicago, USA)

11. 5月19日－5月20日

香港国際腫瘍学会にて講演(The Hong Kong International Oncology Forum 2017)(Hong 

Kong, China)

12. 6月2日－6月6日

第53回癌治療学会議に参加 (ASCO 2017)(Chicago, USA)

13. 6月16日－6月17日

アジア太平洋肝臓学病学会シングルトピックカンファレンスにて講演 (APASL-STC2017)

(Ulaanbaatar, Mongolia)

14. 6月17日－6月18日

APECHO2017 Advisory Boardに参加 (APASL-STC2017)(Shanghai, China)

15. 6月22日－6月23日

第24回アジア太平洋癌学会にて講演 (APCC)(Seoul, Korea)

16. 7月1日－7月2日

台湾におけるネクサバール錠発売10周年記念講演会にて特別講演  (Taoyuan, Taiwan)

17. 7月14日－7月16日

第8回アジア太平洋肝癌専門家会議にて講演(APPLE 2017)(Singapore, Singapore)

18. 8月28日

アストラゼネカ Advisory Boardにて特別講演 (Hong Kong, China)

19. 9月8日－9月12日

欧州臨床腫瘍学会に参加（ESMO2017)(Madrid, Spain)

20. 9月14日－9月17日

国際肝癌学会に参加 (International Liver Cancer Association 2017)(Taipei, Taiwan)

21. 9月29日－10月1日

Taiwan Digestive Disease Week 2017にて特別講演 (TDDW)(Taipei, Taiwan)

22. 10月13日－17日

The 9th Asian Conference on Ultrasound Contrast Imagingにて特別講演 (ACUCI)(Taipei, 
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平成29年1月～平成29年12月 招待講演・特別講演

東京都２３区

4月20日-22日
6月10日

7月6日-7日

徳島県鳴門市

6月24日

栃木県宇都宮市

5月26日-28日

大阪府大阪市

2月14日

福岡県福岡市

10月7日
10月11日-13日

11月30日

香川県高松市

6月20日
8月11日

岡山県岡山市

10月21日

京都府京都市

10月6日

和歌山県和歌山市

6月29日

岐阜県岐阜市

3月17日

群馬県新前橋市

11月15日

神奈川県横浜市

4月13日-15日
6月7日-10日

長崎県佐世保市

4月9日-12日

広島県広島市

6月7日-9日
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Taiwan)

23. 10月17日－19日

2017年日中笹川医学協力プロジェクト超音波実用技術研修に参加(西安, 中国)

24. 11月13日－14日

バルセロナEducation Meetingにて講演(Barcelona, Spain)

25. 11月17日－19日

欧州臨床腫瘍学会アジアにて発表(ESMO2017)(Suntec, Singapore)

26. 11月23日

第1回韓国消化器病学会週間にて講演(KDDW)(Seoul, Korea)

5. 留学生受け入れ

Bangladesh からの留学生（日本超音波医学会の Fellowship 留学制度による）の Dr. Shahinur 

Haqueも2017年５月16日から11月16日の６か月間消化器内科に在籍し、超音波診断、造影エコー、

RFA、EUS さらには核医学診断なども研修された。教室員にもよく溶け込んで頂いて教室員とも「飲

みにケーション」も積極的に図っていたようである。

　一方、日本消化器病学会からの Fellowship 留学制度により台湾から Dr. Sz-Iuan Shiu も消

化器内視鏡を中心に当教室において 2017 年８月１日から 11月 30日まで留学生として滞在した。

6. 人事について

その他、昨年の一年間のスタッフの動向を以下に述べる。

2017 年３月には朝隈　豊先生がお父様の医院の継承するために、また足立哲平先生があだち医

院の継承のため退職し開業された。また 2017 年７月末　矢田典久先生が京都で「矢田消化器内

視鏡クリニック」開業のため退職、2017 年９月末、有住忠晃先生も 10 月からの串本赴任に合わ

せて退職された。結果的に 2017 年には４名が退職された。

それに代わる新入局者であるが 2017 年４月には新進気鋭の 7 名の近畿大学卒業の後期レジデ

ント（福永朋洋先生、河野辰哉先生、半田康平先生、高島耕太先生、吉田晃浩先生、田中秀和先

生）に入局して頂き消化器内科も一気に活気づいた。また県立尼崎病院からは中井敦史先生（平

22 年徳島大学卒業）、和歌山県立医科大学から木下　淳先生（平成 25 年和歌山医大卒業）、名古

屋セントラル病院から石川　嶺先生（平成 24 年近畿大学医学部卒業）、済生会泉尾病院からは高

田隆太郎先生（平成 26 年近畿大学医学部卒業）が入局され、計 10 名もの若者が新しく消化器内

科に加わって頂いた。

来年度も新しい大学院生・後期レジデントとして数名の新人を迎える予定である。これら若く

活気あるニューフェースと一緒に、消化器内科を益々、充実・発展させたいと考えている。

また、短期の研修生として岸和田徳洲会病院から古田朗人先生を 10 月から 12 月 31 日までの
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約３か月間受け入れた。

7. 学会主催

教室主催の学会としては 2017 年 9 月 1-2 日上嶋一臣講師が高野山においてリザーバー研究会

を主催した。当初、高野山で開催するなどという奇抜なアイデアでは参加者が激減するのではと

心配していたが 200 名弱の参加者を得て大変好評であった。また、秘書の朝隈さんの実家である

安養院はとても好評で、また弟さんが住職を務められているとのことで、家族の方の温かいおも

てなしのみならず高野山の他のお寺の方にもおもてなし頂いた会長招宴は大変に好評であった。

また、奥の院への散歩をする時間もあり充分に「気」と「パワー」を頂いた研究会であった。山

下弘子さんによる特別講演も素晴らしく、多くの参加者の感動を呼んだ。

8.新専門医制度

ここ数年、議論が活発に行われてきた新内科専門医制度はいよいよ 2018 年 4 月から開始され

る見込みとなった。また、この内科専門医研修では内科専門医研修と subspeciality の研修を平

行して行う、いわゆる平行研修が認められ、肝臓専門医および消化器病専門医の研修が内科専門

医と共に同時に開始できる従来同様の制度となった。これは subspeciality の専門医取得までの

時間のロスが少なく従来と同じくらいの期間で消化器病専門医や肝臓専門医の取得が可能となり

結果として良かったと思っている。また、超音波専門医の研修制度も今後見直しがなされる予定

である。消化器内視鏡専門医についてはまだ若干、不透明な状況である。

9. おわりに

この半世紀、各医学分野における専門の細分化は例外なく進められてきている。内科学から消

化器内科学が分離・独立し、さらに上部消化管、下部消化管、肝臓、胆膵と細分化の傾向が顕

著である。しかし内科学を包括的学問分野と捉えた場合、知識の連携・統合が本質であり、極

く狭い領域しか知らない医師は真の消化器内科医とは言えない。信頼される医師とは広い知識を

持ちつつ、ある領域については特に深い見識と技術を持つ organ specialist であり、かつ総合

消化器内科医でもあるべきである。内科学全体の広い知識（generalist）に裏打ちされた organ 

specialist としての消化器内科医という医師像を目指して医局員の皆様には日夜努力して頂きた

いと考えている。今後とも教室員が一丸となって日本だけでなく世界に発信できる現在の教室の

高いアクティビティを維持し続け更に発展させて頂けるよう医局員一同には引き続き粉骨砕身、

刻苦勉励を切にお願いする次第である。

2017 年 3月　大阪狭山にて
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工藤正俊（くどうまさとし）

（令和2年9月更新）

昭和29年 愛媛県西条市生まれ

昭和53年 京都大学医学部 卒業

   同    京都大学医学部附属病院 勤務（研修医）

昭和54年 神戸市立中央市民病院内科  勤務（研修医）

昭和55年  　　　     同          消化器内科  医員

昭和60年  　　　     同          消化器内科  副医長

昭和62年   カリフォルニア大学留学（デービスメディカルセンター）

平成元年 神戸市立中央市民病院消化器内科  副医長　復職

平成４年 　　　       同          　   消化器内科  医長

平成９年   近畿大学医学部第２内科学　助教授

平成11年 近畿大学医学部消化器内科学 主任教授　現在に至る　

（その他大学内役職）

平成19年-20年 近畿大学医学部附属病院副病院長

平成20年-26年 近畿大学医学部附属病院病院長

平成27年-現在 学校法人近畿大学理事（医学部・附属病院担当理事）

 ( 現在の併任 ) 近畿大学医学部奈良病院消化器内科　教授（兼務）

神戸市立中央市民病院消化器内科　顧問（兼務）
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主な所属学会等

日本消化器関連学会機構(JDDW)(理事・国際委員会委員)、日本消化器病学会 (執行評議員・指導

医・専門医)、日本肝臓学会 (理事・国際委員会委員長・指導医・専門医)、日本消化器内視鏡学会 

(社団評議員・指導医・専門医)、日本超音波医学会 (理事長・国際交流委員会委員長・指導医・専門

医)、日本内科学会(評議員・認定内科医)、日本高齢消化器病学会(理事)、日本癌学会(評議員)、

日本臨床腫瘍学会(協議員)、日本核医学会(評議員・専門医)、日本肝癌研究会(常任幹事・事務局

代表・追跡調査委員長)、日本肝がん分子標的治療研究会(代表世話人・事務局代表)、日本肝移植研

究会(世話人)、肝血流動態イメ−ジ研究会(世話人)、日本腹部造影エコ−・ドプラ診断研究会(代表

世話人・事務局)、肝癌治療シミュレーション研究会(副代表幹事)、超音波治療研究会(常任世話

人)、日本消化器内視鏡財団(評議員)、米国肝臓学会 (AASLD)(肝癌部門企画運営委員: Steering 

Committee of hepatobiliary malignancy)、米国消化器病学会 (AGA)、米国消化器内視鏡学会

(ASGE)、世界肝臓学会(IASL)、欧州肝臓学会(EASL) 、など

委員・資格など

・ 世界超音波医学会（WFUMB）Immediate Past President（前理事長）

・ アジア超音波医学会（AFSUMB）Immediate Past President（前理事長）

・ アジア太平洋肝癌学会(APPLE) President（理事長）

・ 国際肝癌学会（ILCA）理事（Founding Board Member, Governing Board Council Member）

・ 米国肝臓学会（AASLD）肝癌部門運営委員会委員（Steering Committee Member）

・ 日本肝がん臨床研究機構（JLOG）（理事長）

・ 世界保健機構（WHO）Blue Book「Classification of the Tumor」改訂委員（平成21年5月1日）

・ ウイルス肝炎研究財団　日米医学協力研究会肝炎専門部会研究員

・ International Liver Thought Leadership Study (ILCS), Council member

・ 全国医学部長病院長会議　理事（平成26年5月17日-平成28年）

・ IASGO癌分子標的治療国際委員長 （Executive Board President of International IASGO 

Molecular Targeting Therapy Section）（平成26年12月6日-現在）

・ ILCA School of Liver Cancer Committee Member（平成27年4月30日-現在）

・ Editor-in-Chief「Liver Cancer」（Karger, Basel）(2012年-現在)

受賞

・ 米国核医学会Berson-Yalow Award 受賞（平成元年6月）

 ・ 日本対がん協会がん研究助成奨励賞 受賞（平成4年3月）

・ 日本消化器病学会奨励賞 受賞（平成4年4月）

・ 日本超音波医学会優秀論文賞「菊池賞」受賞（平成4年5月21日）

・ 日本核医学会賞 受賞（平成5年10月）

・ 米国超音波医学会（AIUM）学会賞受賞（平成15年6月4日） 

・ ボローニャ大学医学部医学会名誉会員賞（平成18年9月15日）
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・ フィリピン超音波医学会名誉会員（Honorary Member of PSUCMI）（平成20年3月19日）

・ アジア太平洋消化器病学会（APDW）OKUDA Award受賞（平成20年9月13日）

・ 北米放射線学会 Certificate of Merit受賞（平成20年）

・ インド肝臓学会Madangopalan Award受賞（平成21年3月28日）

・ 北米放射線学会 Cum Laude賞受賞（平成21年12月）(7000編の論文中上位10編に採択)

・ 日本肝臓学会「日本肝臓学会機関誌 Highest Citation賞」受賞（平成22年6月）

・ JISAN Lecture Award Presented by Korean Society of Ultrasound in Medicine（平成22年

5月）

・ 米国超音波医学会名誉会員賞（AIUM Honorary Member Award）受賞（平成23年4月）

・ 日本肝臓学会「日本肝臓学会機関誌 Highest Citation賞」受賞（平成23年6月）(2回目)

・ Romanian Society of Ultrasound in Medicine and Biology (SRUMB) Honorary Award受賞 

(平成23年6月)

・ 北米放射線学会 Certificate of Merit受賞（平成23年11月）(2回目)

・ USE論文賞（応用物理学会論文賞）」受賞（平成24年11月）

・ Lorenzo Capussotti Award受賞（from IASGO）(平成26年12月)

・ 韓国超音波医学会名誉会員賞（KSUM honorary Award）受賞（平成30年5月25日）

・ 日本肝臓学会　織田賞受賞（平成30年6月13日）

・ 台湾超音波医学会名誉会員賞（TSUM Honorary Member Award）受賞（平成30年10月13日）

・ SGHがん特別賞受賞（平成30年12月1日）

・ Desai Memorial Lecture Award from Education Universe and Care Foundation（平成30年

12月16日）

・ Highly Cited Researcher 2019 受賞（Clarivate Analytics）(令和元年11月19日)（日本人唯

一の選出）

著書（単著）

・ Contrast Harmonic Imaging in the Diagnosis and Treatment of Liver Tumors(Springer-

Verlag　2003)

・ 肝腫瘍における造影ハーモニックイメージング（医学書院　2001）

編集

・ 松井　修, 工藤正俊,編集: 消化器疾患の造影エコーUp Date. 南江堂, 東京, 2003.

・ 工藤正俊, 編集: 肝細胞癌治療の最近の進歩, 消化器病セミナー97, へるす出版, 東京, 

2004.

・ 河田純男, 白鳥康史, 工藤正俊, 榎本信幸, 編集, 小俣政男, 監修: 肝疾患Review 2004, 

日本メディカルセンター, 東京, 2004.

・ 河田純男, 白鳥康史, 工藤正俊, 榎本信幸, 編集, 小俣政男, 監修: 肝疾患Review 2006-

2007,日本メディカルセンター, 東京, 2006.
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・ 河田純男, 横須賀收, 工藤正俊, 榎本信幸, 編集, 小俣政男, 監修: 肝疾患Review 2008-

2009, 日本メディカルセンター, 東京, 2008.

・ 河田純男, 横須賀收, 工藤正俊, 榎本信幸, 編集, 小俣政男, 監修: 肝疾患Review 2010-

2011, 日本メディカルセンター, 東京, 2010.

・ 幕内雅敏, 菅野健太郎, 工藤正俊, 編集: 今日の消化器疾患治療指針　第3版, 医学書院, 

東京, 2010.

・ 工藤正俊, 泉　並木, 編集: 症例から学ぶ ウイルス肝炎の治療戦略.㈱診断と治療社, 東

京, 2010.

・ 工藤正俊, 編集: 肝細胞癌の分子標的治療, アークメディア, 東京, 2010.

・ 山雄健次, 工藤正俊, 編集: 見逃し、誤りを防ぐ!肝・胆・膵癌画像診断アトラス, 羊土社, 

東京, 2010.

・ 工藤正俊, 編集: 医学のあゆみ「肝癌の分子標的治療」, 医歯薬出版株式会社, 東京, 2011.

・ 工藤正俊, 編集:「肝細胞がん診療の進歩: Up-To-Data｣, 最新医学社, 大阪, 2011.

・ 工藤正俊, 編集: 朝倉内科学, 矢崎義雄,「総編集」, 朝倉書店, 東京, 2013.

・ 工藤正俊,國分茂博,編集：EOB-MRI/ソナゾイド造影超音波による肝癌の診断と治療,医学書

院,東京,2013.

・ 工藤正俊, 編集: 日本臨床増刊号　最新肝癌学, 日本臨床社, 大阪, 2015.

・ 工藤正俊 , 編集: 最新医学　別冊「診断と治療のABC103 肝がん」, 最新医学社, 大阪, 

2015.

・ 千葉　勉, 日比紀文, 東　健, 榎本信幸, 金子周一, 工藤正俊, 坂井田　功, 下瀬川　

徹, 茶山一彰, 三輪洋人, 本郷道夫, 渡辺　守, 編集: An International Journal of 

Gastroenterology and Hepatology「GUT」 日本語版 Vol. 7, No. 4, 2015.

・ 工藤正俊, 企画: 肝胆膵 75巻2号 特集企画. 特集「肝細胞癌の化学療法が変わる」, 肝胆

膵, 2017.

・ 工藤正俊, 監修: 肝細胞癌に対するレゴラフェニブ治療. アークメディア, 東京, 2017.

・ 工藤正俊, 編集: 消化器内科診療レジデントマニュアル. 医学書院, 東京, 2018.

・ 工藤正俊, 総監修: レンバチニブによる肝細胞癌治療. アークメディア, 東京, 2019.

・ 工藤正俊, 総監修: ラムシルマブによる肝細胞癌治療. アークメディア, 東京, 2020.

・ 工藤正俊, 企画:医学のあゆみ 273巻13号 「肝細胞癌治療のパラダイムシフト～分子標的薬、

免疫チェックポイント阻害薬の登場を受けて～」. 医学のあゆみ, 2020.

Editor-in-Chief:

・ Liver Cancer (Basel)（5.944）

Associate Editor:

・ Journal of Oncology (Germany),肝胆膵（アークメディア））



－14－

EDITORIAL BOARD:

国際学術雑誌:  International Journal of Clinical Oncology (Tokyo)  Ultrasound in 

Medicine and Biology (ELSEVIER, New York)  Hepatology International 

(Springer, New York)  Liver International (Blackwell, UK)  World Journal 

of Gastroneterology  Liver Cancer Review Letters

国内学術雑誌:  肝胆膵、その他の学会誌（3）

 

論文査読委員

J Clin Oncol(28.245) , Lancet Oncol(35.386), Gastroenterology(19.233), 

Hepatology(14.971) , J Hepatol(18.946), Oncologist(5.252), Am J Gastroenterol(10.241), 

Endoscopy(6.381), Clin Exp Metastas(2.513), Cancer Sci(4.751) , Expert Rev Mol 

Diagn(2.347) , Eur Radiol(3.962) , Liver Int(5.542), J Gastroenterol(5.130) , Eur 

J Clin Invest(2.784), J Nucl Med(7.354), J Gastroen Hepatol(3.632), Oncology-Basel 

(International Journal of Cancer Research and Treatment)(2.278), Ultrasound Med 

Biol(2.205) , Acta Paediatr(2.265), Hepatol Int(5.490) , Eur J Gastroen Hepat(2.198), 

J Hepato-Bil-Pan Scu (2.353), Hepatol Res(3.440), Int J Clin Oncol(2.503), Jpn J 

Clin Oncol(2.183), Internal Med(0.956), J Clin Ultrasound(0.820), Biomark Med(2.268), 

Hepato-Gastroenterol(0.792), Ann Nucl Med(1.648), Expert Review of Anticancer 

Treatment(2.347), J Cancer Res Ther (1.392), CSR National Registry(0), J Gastrointest 

Liver (2.063), Cancer Informatics(0), Expert Review of Proteomics and Future 

Oncology(0)

SIENTIFIC PAPER PUBLICATION:

学術論文等: 特別講演・招待講演・教育講演:

 英文論文: 959（IF: 5430.285,H-Index 83）

 和文論文: 948 国際学会: 415

教科書(単著) 英文: 2　和文: 6 国内学会: 768

分担執筆 英文: 21　和文: 270 

文部科学省科学研究費補助金

「肝細胞癌の発生・進展における腫瘍血管構築の分子機構と血流画像-基盤研究(B)」

(主任研究者: 工藤正俊)

平成10年度 (1998年度) 研究費総額: 3,700,000円

平成11年度 (1999年度) 研究費総額: 2,300,000円

平成12年度 (2000年度) 研究費総額: 2,000,000円
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「肝細胞癌の発癌・進展における腫瘍血管構築の精密血流画像解析とその分子機構の解明-基盤研

究(C)」(主任研究者: 工藤正俊)

平成14年度 (2002年度) 研究費総額: 1,800,000円

平成15年度 (2003年度) 研究費総額: 1,200,000円

「肝発癌の進展と血流動態および肝類洞細胞機能変化: 造影ハーモニック法による病態解明-基

盤研究(C)」(主任研究者: 工藤正俊)

平成16年度(2004年度) 研究費総額: 2,300,000円

平成17年度(2005年度) 研究費総額: 1,400,000円

 

「精密血流画像解析法の新規開発による動•門脈血流の分離定量評価と肝発癌研究への応用-基盤

研究(B)」(主任研究者: 工藤正俊) 

平成18年度 (2006年度) 研究費総額:10,300,000円

平成19年度 (2007年度) 研究費総額: 2,860,000円

平成20年度 (2008年度) 研究費総額: 1,950,000円

「高分解能超音波内視鏡造影による膵微小循環動態の検討―診断および治療への応用-基盤研究

(C)」(主任研究者: 北野雅之)

分担研究者　工藤正俊

平成15年度 (2003年度) 研究費総額: 1,900,000円

平成16年度 (2004年度) 研究費総額: 1,100,000円

平成17年度 (2005年度) 研究費総額:   600,000円

「超音波内視鏡下バイオセンサー穿刺法の開発―膵疾患局所情報入手と評価-基盤研究(C)」

(主任研究者: 北野雅之)

分担研究者　工藤正俊

平成18年度 (2006年度) 研究費総額: 1,600,000円

平成19年度 (2007年度) 研究費総額: 1,560,000円

平成20年度 (2008年度) 研究費総額:   910,000円

「肝細胞癌の発癌・進展の分子機序: 造影超音波クッパー相と遺伝子発現を用いた融合解析-挑戦

的萌芽研究」(主任研究者: 工藤正俊)

平成23年度 (2011年度) 研究費総額: 2,340,000円

平成24年度 (2012年度) 研究費総額: 1,430,000円

「肝細胞癌のソラフェニブ著効例における感受性規定遺伝子変異の探索-挑戦的萌芽研究」

（主任研究者: 西尾和人）
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分担研究者　工藤正俊

平成23年度(2011年度) 研究費総額: 4,030,000円 / 配分額: 500,000円

「超音波内視鏡を用いた胆膵疾患診断・治療システムの開発-基盤研究(C)」

（主任研究者: 北野雅之）

分担研究者　工藤正俊

平成22年度 (2010年度) 研究費総額: 1,950,000円 / 配分額: 100,000円

平成23年度 (2011年度) 研究費総額: 1,430,000円 / 配分額: 100,000円

平成24年度 (2012年度) 研究費総額: 1,040,000円 / 配分額: 100,000円

「ガンキリンのプロテアソーム制御機構を利用した展開医療研究-基盤研究(C)」

（主任研究者: 櫻井俊治）

分担研究者　工藤正俊

平成23年度 (2011年度) 研究費総額: 2,080,000円 / 配分額: 200,000円

平成24年度 (2012年度) 研究費総額: 1,950,000円 / 配分額: 200,000円

平成25年度 (2013年度) 研究費総額: 2,080,000円 / 配分額: 200,000円

「FGF3遺伝子増幅による肝細胞癌ソラフェニブ治療の効果予測-基盤研究(A)」

（主任研究者: 西尾和人）

分担研究者　工藤正俊

平成24年度 (2012年度) 研究費総額: 17,420,000円 / 配分額: 1,000,000円

平成25年度(2013年度) 研究費総額: 17,490,000円 / 配分額: 1,000,000円

平成26年度(2014年度) 研究費総額:  9,100,000円 / 配分額: 600,000円

「超音波ビスコエラストグラフィ:複合励振による組織粘弾性の定量的可視化技術の開発-基盤研

究(A)」（主任研究者: 椎名毅）

分担研究者　工藤正俊

平成25年度 (2013年度) 研究費総額: 26,780,000円 / 配分額: 1,040,000円

平成26年度 (2014年度) 研究費総額: 11,960,000円 / 配分額: 650,000円

平成27年度 (2015年度) 研究費総額: 7,800,000円 / 配分額: 400,000円

「大腸癌、炎症性腸疾患における新規治療標的分子およびバイオマーカーの探索-基盤研究(C)」

（主任研究者: 櫻井俊治）

分担研究者　工藤正俊

平成26年度 (2014年度) 研究費総額: 1,170,000円 / 配分額: 200,000円

平成27年度 (2015年度) 研究費総額: 1,820,000円 / 配分額: 100,000円

平成28年度 (2016年度) 研究費総額: 1,820,000円 / 配分額: 100,000円
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「膵疾患の診断能・予後の向上を目指した超音波内視鏡技術の開発-基盤研究(C)」

（主任研究者: 北野雅之）

分担研究者　工藤正俊

平成25年度 (2013年度) 研究費総額: 2,080,000円 / 配分額:150,000円

平成26年度 (2014年度) 研究費総額: 1,820,000円 / 配分額: 150,000円

平成27年度 (2015年度) 研究費総額: 1,700,000円 / 配分額: 100,000円

「血清分泌型マイクロRNAを用いたソラフェニブ治療効果予測マーカーの開発-基盤研究(C)」

（主任研究者: 工藤正俊）

平成27年度 (2015年度) 研究費総額: 1,950,000円

平成28年度 (2016年度) 研究費総額: 1,950,000円

平成29年度 (2017年度) 研究費総額:   780,000円

「剪断波伝搬モデルに基づく定量的組織粘・弾性影像法の開発と肝線維化早期診断法の研究-新学

術領域研究(研究領域提案型)」（主任研究者: 椎名毅）

分担研究者　工藤正俊

平成27年度 (2015年度)  研究費総額: 2,210,000円 / 配分額: 0円

平成28年度 (2016年度)  研究費総額: 2,600,000円 / 配分額: 400,000円

「超音波・光伝播モデルに基づく組織脂肪化・線維化の定量的評価と肝疾患診断への応用-新学術領

域研究(研究領域提案型)」（主任研究者: 椎名毅）

分担研究者　工藤正俊

平成29年度 (2017年度) 研究費総額: 2,210,000円 / 配分額: 100,000円

平成30年度 (2018年度) 研究費総額: 2,210,000円 / 配分額: 100,000円

「革新的超音波内視鏡技術の開発：膵癌の早期診断・予後改善を目指して-基盤研究(C)」

（主任研究者: 北野雅之）

分担研究者　工藤正俊

平成28年度 (2016年度) 研究費総額: 1,820,000円 / 配分額: 100,000円

平成29年度 (2017年度) 研究費総額: 1,560,000円 / 配分額: 100,000円

平成30年度 (2018年度) 研究費総額: 1,300,000円 / 配分額: 100,000円

「発癌とストレス応答の分子基盤解明とその臨床応用」（主任研究者: 櫻井俊治）

分担研究者　工藤正俊

平成29年度 (2017年度) 研究費総額: 1,690,000円 / 配分額: 200,000円

平成30年度 (2018年度) 研究費総額: 1,170,000円 / 配分額: 200,000円
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平成31年度 (2019年度) 研究費総額: 1,430,000円 / 配分額: 100,000円

「肝癌惹起性HBx変異の存在下で形成される腫瘍微小免疫環境の解析-基盤研究(C)」

（主任研究者: 萩原智）

分担研究者　工藤正俊

平成30年度 (2018年度) 研究費総額: 1,430,000円 / 配分額: 100,000円

平成31年度 (2019年度) 研究費総額: 1,170,000円 / 配分額: 100,000円

令和2年度 (2020年度) 研究費総額: 1,690,000円 / 配分額: 100,000円

「肝細胞癌におけるチロシンキナーゼ阻害剤の免疫微小環境への影響に関する研究-基盤研究(C)」

（主任研究者: 工藤正俊）

平成30年度 (2018年度) 研究費総額: 1,690,000円

平成31年度 (2019年度) 研究費総額: 2,210,000円

令和2年度 (2020年度) 研究費総額:   520,000円

「自然免疫担当分子RIP2を標的とする炎症性腸疾患の新規治療法の開発-基盤研究(C)」

（主任研究者: 渡邉 智裕）

分担研究者　工藤正俊

平成31年度 (2019年度) 研究費総額: 1,430,000円 / 配分額: 100,000円

令和 2年度 (2020年度)  研究費総額: 1,430,000円 / 配分額: 100,000円

令和 3年度 (2021年度)  研究費総額: 1,430,000円 / 配分額: 100,000円(予定)

「免疫制御機構に注目した難病新規治療戦略の開発-基盤研究(C)」

（主任研究者: 櫻井 俊治）

分担研究者　工藤正俊

令和 2年度(2020年度) 研究費総額: 1,950,000円 / 配分額: 50,000円

令和 3年度(2021年度) 研究費総額: 1,430,000円 / 配分額: 50,000円(予定)

令和 4年度(2022年度) 研究費総額: 1,040,000円 / 配分額: 50,000円(予定)

「消化器疾患領域の透視化医療処置における被ばく線量測定（全国多施設前向き観察研究）-基盤研

究(C)」（主任研究者: 竹中　完）

分担研究者　工藤正俊

令和 2年度 (2020年度) 研究費総額: 2,470,000円 / 配分額: 100,000円

令和 3年度 (2021年度) 研究費総額:   780,000円 / 配分額: 100,000円(予定)

令和 4年度 (2022年度) 研究費総額:   390,000円 / 配分額: 100,000円(予定)



－19－

厚生科学研究費補助金

厚生科学研究費補助金（肝炎等克服緊急対策研究事業）

「肝がん患者のQOL向上に関する研究」（班長: 藤原研司）

分担研究者　工藤正俊

平成14年度 (2002年度) 研究費総額: 18,700,000円 / 配分額: 1,500,000円

平成15年度 (2003年度) 研究費総額: 14,000,000円 / 配分額: 1,000,000円

平成16年度 (2004年度) 研究費総額: 13,700,000円 / 配分額: 2,500,000円

厚生科学研究費補助金（肝炎等克服緊急対策研究事業）

「肝がん患者のQOL向上に関する研究」（班長: 藤原研司）

分担研究者　工藤正俊

平成18年度 (2006年度) 研究費総額: 22,000,000円 / 配分額: 2,000,000円

平成19年度 (2007年度) 研究費総額: 14,000,000円 / 配分額: 1,300,000円

平成20年度 (2008年度) 研究費総額: 13,230,000円 / 配分額: 1,250,000円

厚生科学研究費補助金（肝炎等克服緊急対策研究事業） 

「血小板低値例へのインターフェロン治療法の確立を目指した基礎および臨床的研究」（班長: 西

口修平）

分担研究者　工藤正俊

平成21年度 (2009年度) 研究費総額: 20,000,000円 / 配分額: 700,000円

平成22年度 (2010年度) 研究費総額: 20,000,000円 / 配分額: 800,000円

平成23年度 (2011年度) 研究費総額: 17,000,000円 / 配分額: 800,000円

厚生科学研究費補助金（がん臨床研究事業）

「初発肝細胞癌に対する肝切除とラジオ波焼灼両方の有効性に関する多施設共同研究」（班長: 國

土典宏）

分担研究者　工藤正俊

平成21年度 (2009年度) 研究費総額: 25,500,000円 / 配分額: 200,000円

平成22年度 (2010年度) 研究費総額: 25,895,000円 / 配分額: 200,000円

平成23年度 (2011年度) 研究費総額: 20,082,000円 / 配分額: 150,000円

厚生科学研究費補助金（肝炎等克服緊急対策研究事業）

「肝がんの新規治療法に関する研究」（班長: 本多政夫）

分担研究者　工藤正俊

平成21年度 (2009年度) 研究費総額: 52,800,000円 / 配分額: 2,000,000円

平成22年度 (2010年度) 研究費総額: 52,800,000円 / 配分額: 2,000,000円

平成23年度 (2011年度) 研究費総額: 55,277,000円 / 配分額: 2,000,000円
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厚生科学研究費補助金（がん臨床研究事業）

「進行・再発肝細胞癌に対する動注化学療法と分子標的薬併用による新規治療法の確立を目指した

臨床試験（Phase III）ならびに効果を予測するbiomarkerの探索研究」

（班長: 工藤正俊）

平成22年度 (2010年度) 研究費総額: 45,750,000円

平成23年度 (2011年度) 研究費総額: 32,500,000円

平成24年度 (2012年度) 研究費総額: 30,000,000円

厚生科学研究費補助金（難治性疾患克服研究事業）

「多発肝のう胞症に対する治療ガイドライン作成と試料バンクの構築」

（班長: 大河内信弘）

分担研究者　工藤正俊

平成22年度 (2010年度) 研究費総額: 12,285,000円 / 配分額: 700,000円

平成23年度 (2011年度) 研究費総額: 10,000,000円 / 配分額: 700,000円

平成24年度 (2012年度) 研究費総額: 11,700,000円 / 配分額: 0円

厚生科学研究費補助金（難病・がん等の疾患分野の医療の実用化研究事業）

「慢性ウイルス性肝疾患の非侵襲的線維化評価法の開発と臨床的有用性の確立」

（班長: 工藤正俊）

平成23年度 (2011年度) 研究費総額: 58,500,000円

平成24年度 (2012年度) 研究費総額: 57,000,000円

平成25年度 (2013年度) 研究費総額: 50,000,000円

厚生科学研究費補助金（難病・がん等の疾患分野の医療の実用化研究事業）

「慢性ウイルス性肝疾患患者の情報収集の在り方等に関する研究」（班長: 相崎英樹）

分担研究者　工藤正俊

平成23年度 (2011年度) 研究費総額: 40,000,000円 / 配分額: 1,500,000円

平成24年度 (2012年度)  研究費総額: 35,500,000円 / 配分額: 1,500,000円

平成25年度 (2013年度) 研究費総額: 35,500,000円 / 配分額: 1,500,000円

厚生科学研究費補助金（肝炎等克服実用化研究事業）

「肝がん研究の推進及び肝がん患者等への支援のための最適な仕組みの構築を目指した研究」

（班長: 小池和彦）

分担研究者　工藤正俊

平成29年度 (2017年度) 研究費総額: 2,000,000円 / 配分額: 0円
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「肝がん・重度肝硬変の治療に係るガイドラインの作成等に資する研究」

（班長: 小池和彦）

分担研究者　工藤正俊

平成30年度 (2018年度)　 研究費総額: 70,000,000円 / 配分額: 2,000,000円

令和 1年度 (2019年度) 研究費総額: 70,000,000円 / 配分額: 2,000,000円

令和 2年度 (2020年度) 研究費総額: 70,000,000円 / 配分額: 2,000,000円

令和 3年度 (2021年度) 研究費総額: -- 円 / 配分額: -- 円

令和 4年度 (2022年度) 研究費総額: -- 円 / 配分額: -- 円

厚生科学研究委託事業（肝炎等克服実用化研究事業（肝炎等克服緊急対策研究事業））

「慢性ウイルス性肝炎の病態把握（重症度・治療介入時期・治療効果判定・予後予測）のための非侵襲

的病態診断アルゴリズムの確立」（班長: 工藤正俊）　

平成26年度 (2014年度) 研究費総額: 40,300,000円

国立研究開発法人日本医療研究開発機構（AMED）

（肝炎等克服実用化研究事業（肝炎等克服緊急対策研究事業））

「慢性ウイルス性肝炎の病態把握（重症度・治療介入時期・治療効果判定・予後予測）のための非侵襲

的病態診断アルゴリズムの確立」

主任研究者　工藤正俊

平成27年度 (2015年度) 研究費総額: 44,220,000円

平成28年度 (2016年度) 研究費総額: 33,800,000円

（臨床研究等ICT基盤構築・人工知能実装研究事業）

「人工知能の利活用を見据えた超音波デジタル画像のナショナルデータベース構築基盤整備に関

する研究」

主任研究者　工藤正俊

平成30年度 (2018年度) 研究費総額: 190,000,000円

「超音波デジタル画像のナショナルデータベース構築と人工知能支援型超音波診断システム開発

に関する研究」

主任研究者　工藤正俊

平成31年度 (2019年度) 研究費総額: 61,990,900円

令和 2年度 (2020年度) 研究費総額: 50,030,759円

 

「医療ビッグデータ利活用を促進するクラウド基盤・AI画像解析に関する研究」（主任研究者: 合田

憲人）（分担課題名：人工知能の開発に資する超音波画像データとアノテーションに関する研究）

分担研究者　工藤正俊
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平成31年度 (2019年度) 研究費総額: 82,999,982円 / 配分額:0円

令和 2年度 (2020年度) 研究費総額: 124,879,298円 / 配分額:0円

ガイドライン策定委員会委員

・ 「科学的根拠に基づく肝癌診療ガイドライン」（日本肝臓学会編）, 金原出版

・ 「「慢性肝炎の治療ガイドライン」（日本肝臓学会編）, 文光堂

・ 「肝癌診療マニュアル」（日本肝臓学会編）, 医学書院

・ 「肝癌治療効果判定基準」（日本肝癌研究会取扱い規約委員会編）, 肝臓

・ 臨床病理「肝癌取り扱い規約」（日本肝癌研究会編）

・ Clinical Practice Guidelines for Hepatocellular Carcinoma, Japan Society of 

Hepatology, Hepatology Research

・ General Rules for the Clinical and Pathological Study of Primary Liver Cancer, 3rd 

English Version, Liver Cancer Study Group of Japan, Kanehara, Tokyo, 2010

・ Response Evaluation criteria in the Cancer of the Liver (RECICL), Liver Cancer 

Study Group of Japan, Hepatology Research

・ 「多発肝のう胞症に対する治療ガイドライン」

・ RECICL 2014 update版, Hepatology Research

ガイドライン策定

・ 日本肝臓学会　肝癌診療ガイドライン作成委員(2009年,2013年,2017年,2021年)

・ 日本肝臓学会　肝癌診療マニュアル作成委員会委員(2010年,2015年,2020年)

・ 日本肝臓学会　慢性肝炎治療ガイドライン作成委員会委員

・ 日本肝臓学会　多発性肝嚢胞治療ガイドライン作成委員会委員

・ 日本超音波医学会　肝臓のエラストグラフィ作成委員会委員長

・ 世界超音波医学会　エラストグラフィガイドライン作成委員会委員長

特許取得

発明の名称：　ソラフェニブの効果予測方法

出願番号：　特願2011-104275

出願日：　2011年5月9日

発明者：　荒尾徳三、松本和子、西尾和人、工 藤   正俊

出願人：　学校法人近畿大学

発明の名称：　N型糖鎖を利用した膵臓癌の診断方法

公開番号：　特許公開2009-270996

公開日：　2009年11月19日

発明者：　荒尾徳三、松本和子、西尾和人、坂本洋城、北野雅之、工藤 正俊

出願人：　住友ベークライト株式会社
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全国規模の学会・研究会事務局

・ 日本肝癌研究会（事務局・追跡調査委員長・常任幹事）

・ 日本腹部造影エコー・ドプラ診断研究会（代表世話人・事務局）

・ NPO法人日本肝がん臨床研究機構（理事長・事務局）

・ 日本肝がん分子標的治療研究会（代表世話人・事務局）

全国規模の研究会世話人・役員

平成 6年 4月− 8年 3月 日本超音波医学会腹部造影エコー研究部会幹事

平成 7年11月−現在 肝血流動態イメ−ジ研究会世話人

平成 8年 4月−現在 日本腹部造影エコ−・ドプラ造影研究会世話人 (事務局兼務)

 （平成25年より代表世話人）

平成 9年 7月−現在 肝動脈塞栓療法研究会世話人

平成10年-現在 国際造影超音波研究会

 （現、Asia Contrast Ultrasound Imaging Society）世話人

平成11年10月−現在 臨床消化器病研究会世話人

平成11年 7月−現在 西日本肝臓研究会世話人

平成13年 5月−現在 肝疾患フォーラム世話人

平成14年 4月—現在 犬山シンポジウム会員

平成14年 9月−現在 日本消化器画像診断研究会世話人

平成16年-現在 Liver Forum in Kyoto世話人

平成18年-現在 肝癌治療シミュレーション研究会副代表幹事

平成19年11月-現在 日本超音波治療研究会常任世話人

平成20年-現在 日本肝がん分子標的治療研究会（代表世話人）

関西地区研究会代表世話人

・ 平成11年−平成19年 関西造影超音波研究会（代表世話人）

・ 平成13年−現在 関西B型肝炎研究会（代表世話人）

・ 平成14年−現在 肝癌局所治療研究会（代表世話人）

・ 平成14年−現在　  大阪消化器化学療法懇話会（代表世話人）

・ 平成15年−現在 臨床消化器病フォーラム（代表世話人）

・ 平成18年−平成22年 Bay Area Gut Club（代表世話人）

・ 平成18年−平成22年 South Osaka Liver Club（代表世話人）

・ 平成19年−現在 関西肝血流動態イメージ研究会（代表世話人）

・ 平成20年-現在 Kinki Liver Club（代表世話人）

・ 平成21年-現在 南大阪肝疾患研究会（代表世話人）

・ 平成21年-現在 南大阪肝胆膵疾患研究会（代表世話人）
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関西地区研究会世話人

・ 平成 2年−現在 大阪肝穿刺生検治療研究会世話人

・ 平成 6年−現在 兵庫インターベンショナルラディオロジー研究会世話人

・ 平成 8年−現在 肝胆膵治療フォーラム・神戸世話人

・ 平成 9年−現在 京都肝疾患懇話会世話人

・ 平成 9年−現在 肝臓分子生物学研究会

・ 平成11年−平成18年 肝代謝コロキウム世話人

・ 平成11年−現在 大阪肝胆膵懇話会世話人

・ 平成11年−現在 南大阪肝胆膵疾患研究会世話人

・ 平成11年−現在 南大阪消化器病懇話会世話人

・ 平成11年−現在 南大阪肝疾患研究会世話人

・ 平成11年−平成24年 消化器ラウンドテーブルディスカッション世話人

・ 平成11年−平成18年 泉州肝臓病研究会世話人

・ 平成11年−平成18年 大阪肝炎ミーティング世話人

・ 平成12年−現在 大阪肝臓病談話会世話人

・ 平成12年−現在 関西経皮内視鏡的胃瘻造設術研究会世話人

・ 平成12年−現在 肝疾患座談会in Kyoto世話人

・ 平成12年−現在 近畿肝癌談話会常任幹事

・ 平成13年−現在 関西肝血流動態イメージ研究会世話人

・ 平成16年−平成23年 あおい肝臓研究会世話人

・ 平成18年−現在 大阪肝臓ミーティング世話人

・ 平成19年−現在 近畿・超音波内視鏡研究会顧問

全国規模の国内研究会主催（会長）

・ 1997年 2月 第3回肝血流動態イメージ研究会（神戸）

・ 1996年10月 第1回日本造影エコー・ドプラ診断研究会（神戸）

・ 2005年 2月 第11回肝血流動態イメージ研究会（横浜）

・ 2007年 9月 第2回肝癌治療シミュレーション研究会（大阪）

・ 2008年 9月 第49回日本消化器画像診断研究会（大阪）

・ 2010年 1月 第1回日本肝癌分子標的治療研究会（神戸）

・ 2014年 2月 第20回肝血流動態・機能イメージ研究会（大阪）

国内学会主催（会長）

・ 第45回日本肝臓学会総会（2009年6月）,神戸

・ 第83回日本超音波医学会学術集会（2010年5月）,京都

・ 第50回日本肝癌研究会（2014年6月）,京都

・ 第89回日本超音波医学会学術集会（2016年5月）,京都
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近畿地区学会主催（会長）

・ 第82回日本消化器内視鏡学会近畿支部例会（2009年8月）

・ 第95回日本消化器病学会近畿支部例会（2011年8月）

近畿地区学会主催（会長）

・ 第82回日本消化器内視鏡学会近畿支部例会（2009年8月）

・ 第95回日本消化器病学会近畿支部例会（2011年8月）

・ 第214回日本内科学会近畿地方会（2016年12月）

国際学会主催（会長）

・ JSH Single Topic Conference on HCC (2005年), Awaji-shima

・ The 3rd International Kobe Liver Cancer Symposium on HCC（IKLS）(2009年6月), Kobe

・ The 2nd Asia Pacific Primary Liver Cancer Expert Meeting (APPLE)(2011年7月), Osaka

・ The 14th WFUMB 2013（世界超音波医学会）(2013年5月 ), Sao Paulo（Co-President with 

Leandro Fernandez and Giovanni Guido Cerri）

・ The 4th International Kyoto Liver Cancer Symposium(IKLS) (2014年6月6-7日),Kyoto

・ the 8th International Liver Cancer Association（ILCA）（国際肝癌学会）（2014年9月5日-7

日）,Kyoto（Co-President with Peter Galle）

・ The 6th Asia Pacific Primary Liver Cancer Expert Meeting (APPLE)(2015年7月),Osaka

・ AFSUMB 2016（アジア超音波医学会）（2016年5月）,Kyoto

・ ACUCI（アジア造影超音波医学会）（2016年5月）,Kyoto
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2017年度表彰式一覧

　Highest Impact Factor Award 2017（最高インパクトファクター賞）

1 位　米田頼晃　　　9.566（Am J Gastroenterol）
2 位　西田直生志　　7.854（Liver Cancer）
2 位　有住忠晃　　　7.854（Liver Cancer）

※　4 位　渡邉智裕　7.478 (Mucosal Immunol)
※　工藤正俊　7.854（Liver Cancer）

　Most Numbers of Paper Award 2017（最多英文論文発表賞）

1 位　鎌田　研　7 本（ World J Gastroenterol × 1, Oncology-Basel × 2, Arab J 
Gastroenterol × 1, Dig Liver Dis × 1, J Gastroen Hepatol × 1, 
Gastrointest Endosc × 1）

1 位　三長孝輔　7 本（ Gastrointest Endosc × 1, Dig Endosc × 1, Endoscopy × 1, Surg 
Endosc × 1, Oncology-Basel × 1, J Med Ultrason × 1, Endosc 
Ultrasound × 1）

※　3 位　 西田直生志　5 本（ Liver Cancer ×１, Oncology-Basel × 2, Clin Ther × 1,  
Digest Dis × 1）

※　工藤正俊　14 本

　Total Highest Impact Factor Award 2017（累積最高インパクトファクター賞）

1 位　三長孝輔　24.375（7 本）
2 位　鎌田　研　21.575（7 本）

※　3 位　西田　直生志（５本）
※　工藤正俊　59.538（14 本）

　最多入院受持患者賞　

1 位　竹中　完　3,109 人
2 位　山雄健太郎　1,376 人

※　3 位　米田頼晃　1,259 人

　最多緊急内視鏡賞

1 位　高島耕太　41 件
2 位　田中秀和　34 件

※　3 位　半田康平　33 件

　最多外来患者診療賞

1 位　萩原　智　3,198 人
2 位　上嶋一臣　2,964 人

※ 3 位　松井繁長　2,861 人
※ 工藤正俊　1,239 人
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消化器内科学教室業績抜粋

1999 2000 2001 2002 2003 2004 2005 2006 2007

英文論文 7 11 23 13 21 20 24 15 31
（Impact Factor） 57.1 61.526 80.163 29.11 75.988 99.181 92.954 59.849 127.014

和文論文
（著書・分担執筆を含む）

37 41 43 34 31 54 45 39 45

海外学会発表 2 9 4 6 24 23 14 14 17

国内学会発表 46 56 71 113 105 79 69 52 79

海外特別講演 0 11 4 11 8 18 16 25 18

国内特別講演 37 40 40 52 37 38 39 27 36

単著教科書 1
1

（英文）

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 計

43 27 50 48 43 56 57 68 73 111 741
208.563 143.636 158.151 191.018 241.863 330.708 344.217 464.147 482.293 669.221 3916.702

74 81 126 59 54 17 21 55 15 43 914

26 20 34 64 52 35 37 32 47 37 497

87 65 96 100 118 117 105 98 69 93 1618

36 34 42 28 34 33 16 19 16 7 376

39 62 94 75 59 43 28 40 34 35 818

2

令和2年10月現在
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H11 H12 H13 H14 H15 H16 H17 H18 H19 H20

稼働床 40 44 44 44 60 78 78 77 76 73

稼働率 107.2% 98.5% 126.7% 148.2% 121.0％ 89.5% 95.3% 89.2% 94.7% 96.3%

日平均入院患者数 40.0 43.3 55.8 65.2 72.6 69.8 74.4 68.7 72.0 70.3 

平均在院日数 31.1 25.6 21.4 18.6 15.4 14.7 12.8 10.7 10.5 9.6

年間入院収入 501,570,188 570,616,464 801,199,124 923,171,333 1,065,481,449 1,023,271,279 1,152,778,111 1,106,484,453 1,224,122,968 1,244,806,271

年間外来収入 314,641,639 334,517,979 386,084,329 530,035,297 635,562,806 649,876,475 818,049,485 966,247,389 1,013,910,559 1,257,804,553

消化器内科年間収入 816,211,827 905,134,443 1,187,283,453 1,453,206,630 1,701,044,255 1,673,147,754 1,970,827,596 2,072,731,842 2,238,033,527 2,502,610,824

H21 H22 H23 H24 H25 H26 H27 H28 H29

稼働床 85 84 84 84 80 80 80 95 101

稼働率 91.8% 89.9% 85.8% 89.0% 91.0% 93.9% 98.7% 96.8% 89.3%

日平均入院患者数 70.3 76.1 72.0 74.7 77.0 75.1 78.9 84.7 88.7

平均在院日数 9 8.6 7.9 7.2 7.2 6.7 7.0 7.6 6.9

年間入院収入 1,312,812,506 1,516,925,835 1,417,104,402 1,535,069,456 1,575,321,748 1,621,531,082 1,700,694,167 1,816,140,190 1,847,155,829

年間外来収入 1,432,350,698 1,464,645,183 1,529,385,181 1,610,826,432 1,586,645,573 1,771,578,798 2,914,910,768 2,027,534,890 2,001,226,787

消化器内科年間収入 2,745,163,204 2,981,571,018 2,946,489,583 3,145,895,888 3,161,967,321 3,393,109,880 4,615,604,935 3,843,675,080 3,848,382,616

消化器内科年度別診療実績
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検　　　　　査 H26 H27 H28 H29

胃・十二指腸　球部(EUS含む） 9003 8993 8487 8422

超音波内視鏡（胃） 42 53 72 82

超音波内視鏡（胆膵） 1603 1817 1609 1599

胃・十二指腸　ポリペク 4 40 3 6

胃・十二指腸　EMR 206 236 224 227

止血・上部 125 158 165 160

食道静脈瘤結紮術（EVL) 51 63 56 62

硬化療法（EIS) 0 7 9 10

EISL 29 25 28 37

食道ブジー 163 153 69 83

経皮内視鏡的胃瘻造設術（PEG) 73 68 59 65

ステント留置（食道） 10 11 16 14

ステント留置（胃・十二指腸） 33 38 24 40

イレウス管（経口） 45 54 64 69

トロビン撒布 30 25 24 33

異物除去 371 405 415 203

大腸ファイバースコピー(EUS含む） 3903 3928 3813 3938

超音波内視鏡（大腸） 12 10 14 21

大腸ポリペク・EMR（大腸ESD含む） 769 729 760 846

止血　大腸 50 42 40 37

異物除去 30 25 24 0

大腸ブジ― 6 8 7 7

（経肛門）イレウス管 45 54 64 2

小腸ファイバースコピーのみ 97 125 95 104

小腸　ポリペク 0 0 1 0

小腸EMR 4 1 4 4

止血　小腸 5 5 3 6

小腸ブジ― 0 0 7 0

小腸カプセル内視鏡 34 17 34 47

胆道ドレナージ 278 349 382 304

乳頭切開 120 127 127 130

乳頭バルーン拡張術 2 1 1 1

結石除去 125 106 129 127

気管支ファイバースコピー 495 542 544 521

胸腔鏡 ― ― 17 20

予約外内視鏡検査 1117 1101 846 677

内視鏡部年報
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近畿大学　消化器内科学教室医局員

（令和元年9月現在）

主任教授 工藤正俊 S53 肝臓・消化器・肝癌の診断と治療

教授（内視鏡部）樫田博史 S58 下部消化管

辻　直子 S60 上部消化管

准教授 汐見幹夫 S55 上部・胆膵内視鏡（関空クリニック所長・教授兼務）

西田直生志 S60 肝臓病学・肝癌の分子生物学

渡邉智裕 H５ 消化管全般

講師 松井繁長
(医局長)

H３ 食道静脈瘤止血・上部消化管

医学部講師 上嶋一臣 H７ 慢性肝炎・肝癌の治療

櫻井俊治
(病棟医長)

H７ 上部消化管・分子生物学

依田　広
(外来医長)

H８ 肝疾患・消化器一般

南　康範 H９ 肝疾患・消化器一般

萩原　智 H10 肝疾患・消化器一般

竹中　完 H13 胆膵疾患・消化器一般

米田頼晃 H13 消化器一般

田北雅弘 H15 肝疾患・消化器一般

永井知行 H16 消化器一般

山雄健太郎 H18 胆膵疾患・消化器一般

医学部助教 本庶　元 H５ 胆膵疾患・消化器一般

鎌田　研 H19 胆膵疾患・消化器一般

三長孝輔 H19 胆膵疾患・消化器一般

山田光成 H19 消化器一般

青木智子 H20 肝疾患・消化器一般

大本俊介 H20 消化器一般

千品寛和
(富田林病院出向中)

H22 消化器一般

河野匡志 H22 消化器一般

中井敦史 H22 胆膵疾患・消化器一般

山﨑友裕 H22 胆膵疾患・消化器一般

南　知宏 H23 消化器一般

正木　翔 H23 消化器一般

岡元寿樹
(串本病院出向中)

H23 消化器一般

岡本彩那 H24 胆膵疾患・消化器一般

高田隆太郎
(奈良病院出向中)

H24 肝疾患・消化器一般

福永明洋
(奈良病院出向中)

H24 胆膵疾患・消化器一般
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河野辰哉 H24 消化器一般

半田康平
(府中病院出向中)

H24 消化器一般

高島耕太 H24 消化器一般

吉田晃浩 H24 消化器一般

田中秀和 H24 消化器一般

吉川智恵 H24 胆膵疾患・消化器一般

橋本有人
(奈良病院出向中)

H25 胆膵疾患・消化器一般

松村まり子 H25 消化器一般

大塚康生
(富田林病院出向中)

H25 消化器一般

益田康弘 H25 消化器一般

大学院生 石川　嶺
(3年)

H24 胆膵疾患・消化器一般

山﨑友裕
(2年)

H22 胆膵疾患・消化器一般

本庶　元
(1年)

H５ 消化器一般

高島耕太
(1年)

H24 消化器一般

高田隆太郎
(1年)

H24 消化器一般

専攻医 𠮷川馨介 H29 消化器一般

野村健司 H29 消化器一般

友岡瑞貴 H29 消化器一般

吉田早希 H29 消化器一般

実験助手 升本知子

小崎秀人

臨床研究補助 児玉美由紀

教授秘書 田中真紀

本廣佳香

上野由紀子

日本肝癌研究会 田村利恵

上妻智子

医局秘書 胡桃由佳

朝隈　智

市井由紀

近大奈良病院 川崎俊彦、水野成人、川崎正憲、高山政樹、茂山朋広、奥田英之
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部門別医師構成

○消化管グループ

樫田博史、辻　直子、渡邉智裕、松井繁長、櫻井俊治、米田頼晃、
永井知行、山田光成、本庶　元、河野匡志、正木　翔、岡元寿樹
橋本有人

○胆膵グループ

汐見幹夫、竹中　完、山雄健太郎、鎌田　研、三長孝輔、大本俊介、
中井敦史、石川　嶺、山﨑友裕、岡本彩那、田中隆光

○肝グループ

工藤正俊、西田直生志、上嶋一臣、依田　広、南　康範、萩原　智、
田北雅弘、南　知宏、青木智子、千品寛和、盛田真弘



消化器内科学教室業績一覧

（2017 年）
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 Ⅰ． 英文論文

  1. 2017 Watanabe T, Asano N, Kudo M, Strober W: Nucleotide-binding oligomerization 

domain 1 andgastrointestinal disorders. Proc Jpn Acad Ser B Phys Biol Sci 

93:578-599, 2017. (IF=3.000)

  2. 2017 Otsuka Y, Kamata K, Takenaka M, Minaga K, Tanaka H, Kudo M: Electronic hydraulic 

lithotripsy by antegrade digital cholangioscopy through endoscopic ultrasound-

guided hepaticojejunostomy. Endoscopy 49:E316-E318, 2017. (IF=7.341)

  3. 2017 Minaga K, Takenaka M, MD, Miyata T, Yamao K, Kitano M, Kudo M: Achievement of 

long-term stent patency in endoscopic ultrasonography-guided right bile duct 

drainage after left hepatic lobectomy (with video). Endosc Ultrasound 6:412-413, 

2017. (IF=4.489)

  4. 2017 Kawakami H, Tanizaki J, Tanaka K, Haratani K, Hayashi H, Takeda M, Kamata K, 

Takenaka M, Kimura M, Chikugo T, Sato T, Kudo M, Ito A, Nakagawa K: Imaging and 
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  5. 2017 Kamata K, Takenaka M, Minaga K, Omoto S, Miyata T, Yamao K, Imai H, Kudo M: 
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carcinoma correlates with the newly defined time to progression after 
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Michitaka K on behalf of the Real-Life Practice Experts for HCC (RELPEC) Study 

Group and HCC 48 Group: Albumin-bilirubin (ALBI) grade as part of the evidence-

based clinical practice guideline for HCC of the Japan Society of Hepatology: 

a comparison with the liver damage and Child-Pugh classifications. Liver Cancer 

6:204-215, 2017. (IF=9.720)
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Nakamori S, Kaneko S, Sugimoto R, Tahara T, Ohmura T, Yasui K, Sato K, Ishii H, 

Furuse J, Okusaka T: Reply to the Letter to the editor 'Sorafenib plus hepatic 
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Lancet Gastroenterol Hepatol 2:407-417, 2017. (IF=14.789)
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 55. 2017 Hagiwara S, Nishida N, Park AM, Komeda Y, Sakurai T, Watanabe T, Kudo 

M: Contribution of C1485T mutation in the HBx gene to human and murine 

hepatocarcinogenesis. Sci Rep 7:10440, 2017. (IF=3.998)
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21. 2017 工藤正俊: 肝癌診療のブレイクスルー―世界に誇る肝癌診療の構築. 特集: ターニングポ

イントを迎えた肝癌診療. クリニシアン 659: 716-737, 2017.

22. 2017 小川　力, 工藤正俊: 肝生検での診断が可能であった、AFP-L3陽性の細胆管細胞癌

（CoCC）の一例. 第17回肝血流動態イメージ研究会記録集 93-96, 2017.

23. 2017 工藤正俊: 公益社団法人日本超音波医学会第89回学術集会 アジア超音波医学生物学

会第12回学術集会およびアジア造影超音波医学会第8回学術集会を終えて. Jpn J Med 

Ultrasonics 44:193-199, 2017.

24. 2017 工藤正俊, 黒崎雅之, 池田公史, 小笠原定久: 座談会; 切除不能な肝細胞癌に対するス

チバーガ治療～2nd line治療における世界初のエビデンス創出およびネクサバールとの

sequential therapyへの期待～. Medical Tribune Web, 2017.

25. 2017 渡邉智裕, 工藤正俊: パターン認識受容体. 消化器病学サイエンス 1:150-152, 2017.

26. 2017 高山政樹, 大原裕士郎, 秦　康倫, 木下大輔, 奥田英之, 川崎俊彦, 水野成人, 若狭朋

子, 太田善夫, 工藤正俊: 悪性黒色腫に対しニボルマブ投与中に潰瘍性大腸炎類似の大腸

炎を認めた1例. 日本消化器内視鏡学会雑誌 59:450-455, 2017.

27. 2017 工藤正俊: 序文. 肝細胞癌に対するレゴラフェニブ治療, アークメディア, 東京, pp3-9, 

2017.

28. 2017 工藤正俊, 吉野孝之, 黒崎雅之, 山下竜也, 森口理久: 特別座談会「レゴラフェニブの登

場により肝細胞癌治療のパラダイムはどう変わるのか」. 肝細胞癌に対するレゴラフェニ

ブ治療, アークメディア, 東京, pp15-40, 2017.

29. 2017 上嶋一臣, 工藤正俊: レゴラフェニブの第III相試験の経験症例からわかること-市販後経

験例も含めて-. 肝細胞癌に対するレゴラフェニブ治療, アークメディア, 東京, pp77-

85, 2017.

30. 2017 工藤正俊: ソラフェニブ・レゴラフェニブsequential療法の可能性. 肝細胞癌に対するレ

ゴラフェニブ治療, アークメディア, 東京, pp100-107, 2017.

31. 2017 鎌田　研, 竹中　完: 内視鏡的逆行性膵管造影. 新世代の膵癌診療・治療バイブル－研修

医・レジデント必携. メディア出版, pp79-83, 2017.

32. 2017 西潟まり，置田和代，小口那代，樫田博史：消化管出血に対する緊急内視鏡的止血術の看

護・解除. 消化器看護がん・化学療法・内視鏡 22: 74-79, 2017.

33. 2017 河野匡志，松井繁長，樫田博史：家族性大腸腺腫症 (FAP) を疑う胃病変. 消化器内視鏡 

29: 768-770, 2017.

34. 2017 樫田博史: 大腸内視鏡の偶発症予防と対応. 消化器内視鏡 29: 2018-2033, 2017.

35. 2017 樫田博史, 島田光生　編集担当：消化器のひろば No.11, 日本消化器病学会, 2017.

36. 2017 樫田博史: 大腸鋸歯状病変. 消化器内視鏡 29: 1491-1496, 2017.

37. 2017 樫田博史, 山野泰穂, 田村　智: ポリペクトミー, コールドポリペクトミー，EMR, 分割

EMR. 日本消化器内視鏡学会監修, 日本消化器内視鏡学会卒後教育委員会責任編集, 消化

器内視鏡ハンドブック改訂第２版　pp394-405, 日本メディカルセンター, 2017.

38. 2017 樫田博史: 内視鏡所見から全身を診る –診断のストラテジー-. 消化器内視鏡 29: 646-

649, 2017

39. 2017 樫田博史: 大腸内視鏡挿入. 消化器内視鏡 29: 509-513, 2017.

40. 2017 樫田博史: 大腸ポリペクトミー・コールドポリペクトミー・EMRのコツ．Gastroenterol 

Endosc 59: 311-325, 2017

41. 2017 樫田博史, 米田賴晃, 岡元寿樹, 足立哲平, 永井知行, 朝隈　豊, 櫻井俊治, 渡邉智裕: 

内視鏡所見からみた腸炎の鑑別診断. 消化器内視鏡 29: 20-30, 2017

42. 2017 樫田博史: 腸管虚血 (急性腸間膜虚血，虚血性大腸炎). 福井次矢, 高木　誠, 小室一成 

総編集: 今日の治療指針2017年版, pp 472-473, 医学書院, 2017.

43. 2017 宇谷 厚志, 岩永 聰, 小池 雄太, 大久保 佑美, 鍬塚 大, 遠藤 雄一郎, 谷崎 英昭, 金

田 眞理, 籏持 淳, 三長 孝輔, 荻 朋男, 山本 洋介, 池田 聡司, 築城 英子, 田村 寛, 

前村 浩二, 北岡 隆: 「弾性線維性仮性黄色腫診療ガイドライン」策定委員会. 日本皮膚

科学会ガイドライン, 弾性線維性仮性黄色腫診療ガイドライン(2017年版), 日本皮膚科学
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会雑誌 127(11):2447-2454, 2017.

 Ⅲ．招待講演･特別講演（海外）

1. Kudo M: Invited Lecture “TACE”, the 26th Conference of Asian Pacific Association for 

the Study of the Liver (APASL 2017), Shanghai, China, February 17, 2017.

2. Kudo M: Invited Lecture “Molecular targeted therapy for HCC: current status and future 

perspective.” Luncheon Seminor 18 “Diagnosis and treatment od liver cancer”, The 

6th Biennial Congress of the Asian-Pacific Hepato-Pancreato-Biliary Association (6th 

A-PHPBA), The 29th Meeting of Japanese Society of Hepato-Biliary-Pancreatic Surgery 

(29th JSHBPS), Pacifico Yokohama, Kanagawa, June 7-10, 2017.

3. Kudo M: Special Lecture (V) “Impact of surveillance and diagnosis on survival in HCC 

patients”, Taiwan Digestive Disease Week 2017 (TDDW), Taipei, Taiwan, Sepmber 29- 

October 1, 2017.

4. Kudo M: Special Lecture “US-US overlay fusion imaging in the evaluation of treatment 

response after RFA.” The 9th Asian Conference on Ultrasound Contrast Imaging (ACUCI) 

2017, Taipei, Taiwan, October 13-17, 2017.

5. Kudo M: Special Lecture “CEUS for pancreatobiliary diseases.” The 9th Asian 

Conference on Ultrasound Contrast Imaging (ACUCI) 2017, Taipei, Taiwan, October 13-17, 

2017.

6. Kudo M: Sonazoid-enhaunced US in the management of HCC. 2017年日中笹川医学協力プロジェ

クト超音波実用技術研修, 西安, 中国, October 17-19, 2017.

7. Kudo M: Locally advanced, non-resectable disease. ESMO ASIA 2017, Singapore,  November 

17-19, 2017.

 Ⅳ．招待講演･特別講演 (国内)

 1. 工藤正俊: 特別講演「肝がんの薬剤治療の現況と薬剤の開発状況」, 社内サテライト研修,平成29

年2月14日, エーザイ大阪コミュニケーションオフィス, 大阪.

 2. 工藤正俊: 特別講演「内科医からみた肝画像診断の役割」, Radiology Update in Gifu, 平成29

年3月17日, 岐阜グランドホテル, 岐阜.

 3. 工藤正俊: シンポジスト; 総合討論・症例提示, Radiology Update in Gifu, 平成29年3月17日, 

岐阜グランドホテル, 岐阜.

 4. 工藤正俊, 長谷川雄一, 小川眞広: ディスカッサー; 男女共同参画委員会企画「日本超音波医学

会が取り組むキャリア支援」, 日本超音波医学会第90回学術, 平成29年5月26-28日, 栃木県総合

文化センター,宇都宮東武ホテルグランデ, ホテルニューイタヤ, 栃木.

 5. 工藤正俊: 特別講演「肝細胞癌に対する分子標的治療：現況と今後の展望」, Specific 

MoleculeAntiviral tRestment Tokyo HepatitisC (SMART C), 平成29年6月10日, ザ・キャピトル

ホテル東急, 東京.

 6. 工藤正俊: 特別講演2「肝細胞癌の分子標的治療：最新の話題」, 第6回香川肝がん分子標的治療

研究会, 平成29年6月20日, リーガホテルゼスト高松, 香川.

 7. 工藤正俊: 特別講演「肝細胞癌の分子標的治療：現状と今後の展望」, 第16回日本肝癌分子標的

治療研究会, 平成29年6月24日, ルネッサンスリゾートナルト, 徳島.

 8. 工藤正俊: 特別講演I「肝細胞癌に対する薬物治療の新たな展開～ASCO2017の最新発表を踏まえて

～」, 肝疾患学術講演会, 平成29年6月29日, ホテルグランヴィア和歌山, 和歌山.

 9. 工藤正俊: 特別講演「肝癌の薬物療法が変わる」, 近畿・中国四国肝疾患研究会, 平成29年8月11

日, JRホテルクレメント高松, 香川.

10. 工藤正俊: 特別講演「レンバチニブ」, レンバチニブ(Lenvatinib), 第53回日本肝癌研究会, 平

成29年7月6-7日, 京王プラザホテル, 東京.

11. 工藤正俊: 特別講演「肝細胞癌診療のブレークスルー～薬物療法が変わる～」, スチバーガ錠HCC
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承認記念講演会in京都, 平成29年10月6日, ウェスティン都ホテル京都, 京都.

12. 工藤正俊: 特別講演「急激に変貌する肝細胞癌の薬物治療」,第17回肝癌治療研究会, 平成29年10

月7日, ホテルセントラーザ博多, 福岡.

13. 工藤正俊: 特別講演II「肝細胞癌診療のブレークスルー－薬物療法が変わる－」, 第18回岡山肝

癌研究会, 平成29年10月21日, ホテルグランヴィア岡山, 岡山.

14. 工藤正俊: 特別講演「肝細胞癌薬物治療のブレイクスルー」, 第168回群馬肝癌検討会特別講演

会, 平成29年11月15日, ホテルラシーネ新前橋, 群馬.

15. 工藤正俊: 基調講演「進行肝細胞癌治療における最新治療：基礎と臨床の立場から」, シンポジ

ウム7, 第42回日本肝臓学会西部会, 平成29年11月30日, ヒルトン福岡シーホーク, 福岡. 

16. 樫田博史：特別講演「適切な診断と適応に基づいた 大腸 ESD/EMR」．第８回福岡宮崎消化管セミ

ナー, 平成29年1月11日, 宮崎.

17. 樫田博史：特別講演「早期大腸癌の見つけ方．その腫瘍見逃していませんか？」, 第4回京都広小

路ライブセミナー, 平成29年1月21日, 京都.

18. 萩原　智: 特別講演「肝臓病と採血データの見方」, 日本肝臓学会主催平成28年度「肝がん撲滅

運動」, 平成29年1月29日, ビッグ・アイ, 大阪.

19. 南　康範: 特別講演「B型肝炎: 治療の現在」, 日本肝臓学会主催平成28年度「肝がん撲滅運

動」, 平成29年1月29日, ビッグ・アイ, 大阪.

20. 依田　広: 特別講演「C型肝炎の最新治療」, 日本肝臓学会主催平成28年度「肝がん撲滅運動」, 

平成29年1月29日, ビッグ・アイ, 大阪.

21. 千品寛和: 特別講演「肝硬変とは？～診断と治療～」, 日本肝臓学会主催平成28年度「肝がん撲

滅運動」, 平成29年1月29日, ビッグ・アイ, 大阪.

22. 南　知宏: 特別講演「肝臓病の薬と肝がんの予防」, 日本肝臓学会主催平成28年度「肝がん撲滅

運動」, 平成29年1月29日, ビッグ・アイ, 大阪.

23. 田北雅弘: 特別講演「内科での治療～ラジオ波焼灼術と肝動脈塞栓術～」, 日本肝臓学会主催平

成28年度「肝がん撲滅運動」, 平成29年1月29日, ビッグ・アイ, 大阪.

24. 有住忠晃: 特別講演「肝がん治療薬の最新動向」, 日本肝臓学会主催平成28年度「肝がん撲滅運

動」, 平成29年1月29日, ビッグ・アイ, 大阪.

25. 樫田博史：特別講演 炎症性腸疾患のトレンド：一般消化器医が知っておくべき事．炎症性腸疾患

勉強会, 平成29年2月8日, 大阪.

26. 上嶋一臣：特別講演「ここまできた肝細胞癌の化学療法～分子標的薬と免疫チェックポイント阻

害薬の進歩～」. 第36回南大阪肝疾患研究会, 平成29年2月17日, ホテル・アゴーラリージェン

シー堺, 大阪.

27. 松井繁長：特別講演「GERDの現状と今後の展望」. 中河内消化器フォーラム, 平成29年3月9日, 

ザ・リッツ・カールトン大阪, 大阪.

28. 萩原　智:特別講演「当院におけるウイルス性肝炎治療」, 阪南肝炎セミナー, 平成29年3月23日, 

ホテル・アゴーラリージェンシー堺, 大阪.

29. 萩原　智: 特別講演「当院におけるウイルス性肝炎診療」, 泉州消化器病談話会,　平成29年3月

25日, 市立岸和田市民病院, 大阪.

30. 樫田博史：特別講演「大腸腫瘍：適格な診断に基づいた ESD/EMR/cold polypectomy」, Takeda 

GI Forum, 平成29年4月1日, 岩手.

31. 上嶋一臣：肝・消化器進行癌治療の未来. 特別講演①.第14回日本消化器癌研究会, 平成29年5月

16日, 甲府富士屋ホテル2階「桃源」, 山梨

32. 上嶋一臣：特別講演1「Intermediate stageの亜分類からみたTACE対象の絞り込みとTACE不応の適

切な判断」, 第6回香川肝がん分子標的治療研究会, 平成29年6月20日, リーガホテルゼスト高松, 

香川.

33. 樫田博史: 特別講演「大腸腫瘍の内視鏡診断と治療」, 第1回 和歌山消化器内視鏡ﾗｲﾌﾞﾃﾞﾓﾝｽﾄﾚｰｼ

ｮﾝｺｰｽきのくにライブ, 平成29年7月27日, 和歌山.

34. 萩原　智: 特別講演「C型肝炎治療のピットフォール. 倉敷肝炎ネットワークセミナー」. 倉敷中

央病院総合保険管理センター古久賀ホール, 平成29年7月28日,岡山.
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35. 南　康範: 特別講演「Ablative marginの可視化: Hepatic GuideとUS-US overlay fusionの有用

性」.日本超音波医学会第38回中部地方会, 平成29年9月10日, 金沢大学附属病院外来診療棟4階玉

ホール, CPDセンター, 石川.

 Ⅴ．学会発表（海外シンポジウム）

 1. Kudo M: New HCC Diagnosis. Session5“HCC-2”, The Asian Pacific Association for the 

Study of the Liver (APASL STC 2017), April 10-12, 2017, ホテルオークラ・ハウステンボス, 

長崎.

 2. Kudo M: Latest Advances in Using Molecular Targeted Therapy in Advanced HCC Patients. 

Concurrent Session 3 “Hepatocellular Cancer”, Hong Kong International Oncology Forum 

2017, May 19, 2017, Hong Kong.

 3. Kudo M: Treatment Strategy of Intermediate Stage HCC. Symposium 43 (Keynote) ”Strategy 

for Intermediate Stage of HCC”, 第6回アジア太平洋肝胆膵学会(6th A-PHPBA),第29回日本肝

胆膵外科学会学術集会(29th JSHBPS), June 7-10, 2017, パシフィコ横浜, 神奈川.

 4. Kudo M: Systemic Therapy for Hepatocellular Carcinoma: current Status and Future 

Perspective. KEYNOTE LECTURE II (KL-2-1), APASL Single Topic Conference 2017 Mongolia, 

6th HCV Conference on HCV and CO-INFECTIONS, June 16-18, 2017, Ulaanbaatar, Mongolia.

 5. Kudo M: Response Assessment and Interpretation: Comparing Systemic And Loco-regional 

Therapies. Master Class: Workshop: Master Class for Hepatocellular Carcinoma, 24th Asia 

Pacific Cancer Conference (APCC), June 22-24, 2017, COEX Seoul, Korea.

 6. Kudo M: HCC treatnebt landscape-the Asian perspective- HCC treatment guidelines, Asian 

perspective- Experience sharing from Japan. Necavar 10-years Anniversary, Jul 1-2, 

2017, Taiwan.

 7. Ueshima K, Kudo M, Izumi N, Kadoya M, Kubo M, Kumada T, Kokudo N, Takayama T, Sakamoto 

M, Nakashima O, Matsuyama Y: Validation of three staging systems for hepatocellular 

carcinoma (JIS score, biomarker-combined JIS score and BCLC system) in 4,649 cases from 

a Japanese nationwide survey. 国際シンポジウム2「肝細胞癌のStaging」, The 53rd Annual 

Meeting of Liver Cancer Study Group of Japan, July 6-7, 2017, Keio Plaza Hotel, Tokyo.

 8. Hasegawa K, Kudo M, Izumi N, Kadoya M, Kubo S, Kumada T, Sakamoto M, Takayama T, 

Nakajima O, Matsuyama Y, Kokudo N: TheCurrent Situations and Future Perspectives of the 

Japanese Nationwide Survey of Patients with Primary Liver Cancer. 国際シンポジウム3「肝

悪性腫瘍のRegistry」, The 53rd Annual Meeting of Liver Cancer Study Group of Japan, 

July 6-7, 2017, Keio Plaza Hotel, Tokyo.

 9. Kudo M: Treatment of advanced hepatocellular carcinoma: Future perspective. シンポジ

ウム26「これからの進行肝細胞がん治療」, 2017 the Japanese Society of Medical Oncology 

Annual Meeting, July 27-29, 2017,  Kobe Convention Center/ Junko Fukutake Hall, Hyogo/ 

Okayama.

10. Shiori Fujii, Makoto Yamakawa, Kengo Kondo, Takeshi Namita, Masatoshi Kudo, Tsuyoshi 

Shiina: Evaluation of shear wave dispersion caused by fibrous structure and tissue 

viscosity using hepatic fibrosis progression and histological models. 2017 IEEE 

International Ultrasonics Symposium (IUS), September 6-9, 2017, Washington, D.C, USA.

11. Kudo M: How to Improve Survival Outcome and Use Molecular Targeted Agent in 

HCC Patients? Symposium (XI) ”Innovation and New Approaches in Hepatocellular 

Carcinoma.”, Taiwan Digestive Disease Week 2017 (TDDW), Taipei, Taiwan, Sepmber 29- 

October 1, 2017. 

12. Sakurai T, Kashida H, Kudo M: A new strategy to personalize surveillance program for 

colitis-associated cancer. International Session (Symposium)9 (JGES・JSGE・JSGS)　

“Surveillance colonoscopy for ulcerative colitis; Up-to-date procedure and therapeutic 

strategy” Japan Digestive Disease Week (JDDW) 2017 Fukuoka, Octover 12-15, 2017, 
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Fukuoka.

13. Minami Y：Contrast US for HCC. Taiwan Liver Cancer Association 2017　(Innovation and 

advances in Hepatocellular Carcinoma), May 20-21, 2017, Taiwan.

14. Kashida H: Instructor of hands-on seminar. 5th International teaching course on 

gastrointestinal endoscopy, Athens, Febraury 3-4, 2017.

15. Kashida H: Lecture: Endoscopic submucosal dissection (ESD). 5th International teaching 

course on gastrointestinal endoscopy, Athens, Febraury 3-4, 2017.

16. Minami Y：Fusion Image and Contrast Enhanced Ultrasonography in Assessing Ablation 

Effect. TATA 2017 Annual Meeting, Kaoshiung Chang Gung Memorial Hospital, Taiwan, 

Febraury 12, 2017.

17. Nemoto D, Kashida H, Hewett DG, Hayashi Y, Yamamoto H, Togashi K: Blue Laser Imaging 

for the identification of deep submucosal invasion in colorectal cancers: a reading test 

in Western & Japanese endoscopists. Digestive Disease Week (DDW) 2017, Chicago, USA, 

May 6-9, 2017.

18. Asai S, Kawamura T, Takeuchi Y, Yokota I, Akamine E, Kato M, Akamatsu T, Tada K, Komeda Y, 

Iwatate M, Kawakami K, Nishikawa M, Watanabe D, Yamauchi A, Fukata N, Shimatani M, Ooi 

M, Fujita K, Sano Y, Kashida H, Hirose S, Iwagami H, Uedo N, Teramukai S, Tanaka K: A 

comparison between cold snare polypectomy and hot snare polypectomy for resection rate 

of subcentimeter colorectal polyps: a multicenter randomized controlled trial (CRESCENT 

study). Digestive Disease Week (DDW) 2017, Chicago, USA, May 6-9, 2017.

19. 米田頼晃： Therapeutic Strategies for Four Subtypes of Laterally Spreading Tumors of 

Colorectum. 11th Global Gastroenterologists Meeting, Gastro 2017, Italy Rome, June 13, 

2017.

20. 2017 Kashida H: Instructor of hands-on seminar. 3rd APSDE MGA Local workshop on OGD 

and Colonoscopy, Yangon, June 14-16, 2017.

21. 2017 Kashida H: Lecture, Capsule endoscopy. 3rd APSDE MGA Local workshop on OGD and 

Colonoscopy, Yangon, June 14-16, 2017.

22. Kashida H: Lecture, Contrast endoscopy. 3rd APSDE MGA Local workshop on OGD and 

Colonoscopy, Yangon, June 14-16, 2017.

23. 2017 Kashida H: Live Demonstration, Conference with international participation 

"Endoscopic Diagnosis and Treatment of Diseases of Gastrointestinal Tract", 

Moscow, June 21-22, 2017.

24. 2017 Kashida H: Lecture, Endoscopic treatment of colon lesions.  Conference with 

international participation "Endoscopic Diagnosis and Treatment of Diseases of 

Gastrointestinal Tract", Moscow, June 21-22, 2017.

25. 2017 Kashida H: Lecture, Endoscopic diagnosis of colorectal non-polypoid lesions. 

Conference with international participation "Endoscopic Diagnosis and Treatment 

of Diseases of Gastrointestinal Tract", Moscow, June 21-22, 2017.

26. Kashida H: Lecture, How to prevent recurrence and follow up the patient after 

endoscopic treatment for large colorectal tumors. The 24th EUS and the 21st Early GI 

cancer Conference of Taiwan, Taipei, June 25, 2017.

27. Kashida H: Instructor of hands-on training.  Masterclass in colonoscopy, Bologna, June 

29-30, 2017.

28. Kashida H: Live Demonstration.  Masterclass in colonoscopy, Bologna, June 29-30, 2017.

29. Kashida H: Lecture, The Japan Narrow band imaging Expert Team (JNET) classification. 

Masterclass in colonoscopy, Bologna, June 29-30, 2017.

30. Kashida H: Lecture, Two-hand technique of colonoscopic intubation.  Masterclass in 

colonoscopy, Bologna, June 29-30, 2017.

31. Kashida H: Lecture, Characterization of colorectal superficial neoplastic lesions.  
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Masterclass in colonoscopy, Bologna, June 29-30, 2017.

32. 2017 Ueshima K：ISY2-1Validation of three staging systems for hepatocellular carcinoma 

(JIS score, biomarker combined JIS score and BCLC system) in 4,649 cases from a 

Japanese nationwide survey. International symposium 2. The Staging Systems of 

Hepatocellular Carcinoma 53rd.Liver Cancer Study Group of Japan Annual Meeting, 

July 6, 2017, Tokyo.

33. Kashida H: New techniques and new instruments for EMR/ESD. Symposium VI: The Korean 

Society of Coloproctology (KSCP) - The Japan Society of Coloproctology (JSCP) Joint 

Symposium. Session II How to manage lateral spreading tumor International Colorectal 

Research Summit 2017, Seoul, September 2-3, 2017.

34. Kawamura T, Takeuchi Y, Asai S, Yokota I, Akamine E, Kato M, Akamatsu T, Tada K, Komeda 

Y, Iwatate M, Kawakami K, Nishikawa M, Watanabe D, Yamauchi A, Fukata N, Shimatani M, 

Ooi M, Fujita K, Sano Y, Kashida H, Hirose S, Iwagami H, Uedo N, Teramukai S, Tanaka 

K: A comparison of the resection rate for cold and hot snare polypectomy for 4-9 mm 

colorectal polyps: a multicenter randomized controlled trial (CRESCENT study). Gut on 

line first, September 28, 2017.

35. Kawamura T, Takeuchi Y, Asai S, Yokota I, Akamine E, Kato M, Akamatsu T, Tada K, Komeda 

Y, Iwatate M, Kawakami K, Nishikawa M, Watanabe D, Yamauchi A, Fukata N, Shimatani M, 

Ooi M, Fujita K, Sano Y, Kashida H, Hirose S, Iwagami H, Uedo N, Teramukai S, Tanaka K: 

The efficacy of cold snare polypectomy in achieving complete resection of subcentimetre 

colorectal polyps: a multicenter randomized controlled trial (CRESCENT study). 25th 

UEGW, Barcelona, October 28-November 1, 2017.

36. Kashida H, Shiu SI：Newly developed EMR/ESD instruments. Asian Session “How to manage 

lateral spreading tumor”第72回日本大腸肛門病学会学術集会, 平成29年11月10-11日, 福岡.

37. Minami Y: Real-time Evaluation of Ablative Margin in Radiofrequency Ablation for 

Hepatocellilar Carcinoma: Usefulness of US-US Overlay Image Fusion. “Branch Venue of 

Image Changes on Ablation and Response Evaluation” Asian Conference on Tumor Ablation 

(ACTA) 2017, Guangzhou, China, November 16-18, 2017.

38. Kashida H: Lecture  How to perform IEE‐focus on NBI and magnification.  Image-enhanced 

endoscopy (IEE) Course, Taichung, December 3, 2017.

39. Kashida H: Instructor in hands-on training  Image-enhanced endoscopy (IEE) Course, 

Taichung, December 3, 2017

40. 2017 Ueshima K： Treatment Strategy for Intermediate Stage HCC. PRECEPTORSHIP PROGRAM

　Standardization of treatment HCC Intermediate stage. National Cancer Hospital, 

Hanoi, Vietnam, December 7, 2017.

41. 2017 Ueshima K：How to decide the treatment strategy for　intermediate stage HCC & 

Advices for National Cancer Hospital HCC. PRECEPTORSHIP PROGRAM　Standardization 

of treatment HCC Intermediate stage. National Cancer Hospital, Hanoi, Vietnam, 

December 7, 2017.

42. Kashida H: Lecture, Endoscopic treatment for colorectal cancer. Endoscopic session, 

Post Graduate Course: Gastrointestinal Oncology in Practice, International Association 

of Surgeons Gastro- enterologists & Oncologists Thailand Chapter (IASGO-TH), Bangkok, 

December 9-10, 2017.

43. 2017 Kashida H: Presenter, Case discussion, Post Graduate Course: Gastrointestinal 

Oncology in Practice, International Association of Surgeons Gastro- enterologists 

& Oncologists Thailand Chapter (IASGO-TH), Bangkok, December 9-10, 2017.

44. 2017 Kashida H: Lecture, Colorectal ESD. Master VDO session, Post Graduate Course: 

Gastrointestinal Oncology in Practice, International Association of Surgeons 

Gastro- enterologists & Oncologists Thailand Chapter (IASGO-TH), Bangkok, 
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December 9-10, 2017.

 Ⅵ．学会発表・抄録　(米国及び国際学会)

 1. Kudo M, Bruix J, Merle P, Granito A, Huang YH, Bodoky G, Yokosuka O, Rosmorduc O, 

Breder V, Gerolami R, Masi G, Ross PJ, Qin S, Song T, Bronowicki JP, Ollivier-Hourmand 

I, LeBerre MA, Baumhauer A, Meinhardt G, Han G, on behalf of the RESORCE Investigators: 

Efficacy and safety of regorafnib versus placebo in patients with hepatocellular 

carcinoma (HCC) progressing on sorafenib: results of the international, randomized 

phase 3 RESORCE trial. 15th Japan Association of Molecular Targeted Therapy for HCC, 

Iino hall & Conference Center, Tokyo, January 14, 2017.

 2. Kudo M: Resminostat and sorafenib combination therapy for advanced hepatocellular 

carcinoma in patients previously untreated with systemic chemotherapy. American Society 

of Clinical Oncology, 2017 Gastrointestinal Cancers Symposium (ASCO-GI 2017), San 

Francisco, USA, January 19-21, 2017.

 3. Finn RS, Chan SL, Zhu AX, Knox J, Cheng AL, Siegel AB, Bautista O, Kudo M: Randomized 

phase 3 study of pembrolizumab versus best supportive care for second-line advanced 

hepatocellular carcinoma. American Society of Clinical Oncology, 2017 Gastrointestinal 

Cancers Symposium (ASCO-GI 2017), San Francisco, USA, January 19-21, 2017. 

 4. Zhu AX, Knox J, Kudo M, Chan S, Finn R, Siegel A, Ma J, Cheng AL: Phase 2 study of 

pembrolizumab in patients with previously treated advanced hepatocellular carcinoma. 

American Society of Clinical Oncology, 2017 Gastrointestinal Cancers Symposium (ASCO-GI 

2017), San Francisco, USA, January 19-21, 2017. 

 5. Melero I, Sangro B, Yau T, Hsu C, Kudo M, Crocenzi TS, Kim TY, Choo SP, Trojan J, 

Meyer T, Welling TH, Yeo W, Chopra A, Anderson J, dela Cruz C, Lang L, Neely J, Tang 

H, El-Khoueiry AB: Nivolumab dose escalation and expansion in patients with advanced 

hepatocellular carcinoma (HCC): the CheckMate 040 study. American Society of Clinical 

Oncology, 2017 Gastrointestinal Cancers Symposium (ASCO-GI 2017), San Francisco, USA, 

January 19-21, 2017. 

 6. Bruix J, Merle P, Granito　A,　Huang　YH,　Bodoky　G,　Pracht　M,　Yokosuka　O,　

Gerolami　R,　Masi　G,　Ross　PF,　Qin　S,　Song　T,　Bronowicki JP, Ollivier-Hourmand 

I, Kudo M, Le Berre MA, Beinhardt G, Han G, on behalf of RESORCE investigators: 

Survival by pattern of tumor progression during prior sorafenib (SOR) treatment in 

patients with hepatocellular carcinoma (HCC) in the phase 3 RESORCE trial comparing 

second-line treatment with regorafenib (REG) or placebo. American Society of Clinical 

Oncology, 2017 Gastrointestinal Cancers Symposium (ASCO-GI 2017), San Francisco, USA, 

January 19-21, 2017.

 7. Ikeda M, Ikeda K, Kudo M, Osaki Y, Okusaka T, Tamai T, Suzuki T, Hisai T, Miyagishi 

H, Okita K, Kumada H: Subgroup analyses of a phase 2 study of lenvatinib (E7080), 

a multitargeted tyrosine kinase inhibitor, in patients with advanced hepatocellular 

carcinoma (HCC). American Society of Clinical Oncology, 2017 Gastrointestinal Cancers 

Symposium (ASCO-GI 2017), San Francisco, USA, January 19-21, 2017. 

 8. Merle P, Granito A, Huang YH, Bodoky G, Pracht M, Yokosuka O, Rosmorduc O, Breder V, 

Gerolami R, Masi G, Ross P, Qin S, Song T, Bronowicki JP, Ollivier-Hourmand I, Kudo M, 

Schlief S, Fiala-Buskes S, Meinhardt G, Bruix J on behalf of the RESORCE Investigators: 

Time course of treatment-emergent adverse events (TEAEs) in the randomized, controlled 

phase 3 RESORCE trial of regorafenib for patients with hepatocellular carcinoma 

progressing on sorafenib treatment. EASL HCC Summit 2017, Geneva, Switzerland, February 

2-5, 2017. 

 9. Hong S, Cheng AL, Raoul JL, Lee HC, Kudo M, Nakajima K, Peck-Radosavljevic M, on 



－55－

behalf of the OPTIMIS Investigators: Regional use of sorafenib after transarterial 

chemoembolization (TACE) in Chinese patients with hepatocellular carcinoma (HCC): 

results from the second interim analysis of OPTIMIS. The 26th Conference of the Asian 

Pacific Association for the Study of the Liver (APASL), Shanghai, China, February 15-19, 

2017.

10. Bruix J, Merle P, Granito A, Huang YH, Bodoky G, Pracht M, Yokosuka O, Gerolami R, 

Masi G, Ross PJ, Qin S, Song T, Bronowicki JP, Ollivier-Hourmand I, Kudo M, LeBerre 

MA, Meinhardt G, Han G, on behalf of the RESORCE Investigators: Analysis of overall 

survival (OS) by pattern of progression of hepatocellular carcinoma (HCC) during prior 

sorafenib treatment in the randomized phase 3 RESORCE trial comparing regorafenib with 

placebo. The 26th Conference of the Asian Pacific Association for the Study of the Liver 

(APASL), Shanghai, China, February 15-19, 2017.

11. Yamao K, Kitano M, Takenaka M, Kayahara T, Ishida E, Yamamoto H, Yoshiawa T, Minaga 

K, Yamashita Y, Asada M, Okabe Y, Osaki Y, Ikemoto J, Hanada K, Kudo M: Outcomes of 

biliary drainage in pancreatic cancer patients with an indwelling gastroduodenal stent: 

a multicenter retrospective study in west japan. (Postor). Digestive Disease Week (DDW 

2017), Chicago, USA, May 6-9, 2017.

12. Yada N, Sakurai T, Kudo M: Prospective risk analysis of hepatocellular carcinoma in 

patients with chronic hepatitis C by ultrasound strain imaging. American Institute of 

Ultrasound in Medicine (AIUM), Florida, USA, March 25-29, 2017. 

13. Yen C, Sharma R, Rimassa L, Arizumi T, Bettinger D, Evans J, Pressiani T, Burlone ME, 

Pirisi M, Giordano L, Howell J, Kudo M, Thimme R, Park JW, Pinato DJ: Treatment-stage 

migration maximizes survival outcomes in patients with hepatocellular carcinoma treated 

with sorafenib: an observational study. The International Liver Congress 2017 (EASL 

2017), Amsterdam, the Netherlands, February　2-5, 2017. 

14. Sangro B, Yau T, Hsu C, Kudo M, Crocenzi TS, Choo SP, Meyer T, Welling TH, Yeo W, Chopra A, 

Baakili A, dela Cruz C, Lang L, Neely J, Melero I, El-Khoueiry AB, Trojan J: Nivolumab 

in sorafenib-experienced patients with advanced hepatocellular carcinoma (HCC) with or 

without chronic viral hepatitis: CheckMate 040 study. The International Liver Congress 

2017 (EASL 2017), Amsterdam, the Netherlands, April 19-23, 2017. 

15. Komeda Y, Kashida H, Sakurai T, Asakuma Y, Nagai T, Matsui S, Watanabe T, Kudo M: 

Diagnosis of localized colorectal lesions with magnifying narrow band imaging (NBI) 

using Japan NBI Expert Team (JNET) classification: a cross sectional study. Digestive 

Disease Week (DDW 2017), Chicago, USA, May 6-9, 2017. 

16. Komeda Y, Kashida H, Sakurai T, Asakuma Y, Nagai T, Matsui S, Watanabe T, Kudo M: 

Follow-up examination of the recurrence after endoscopic treatment of colorectal  

tumors. Digestive Disease Week (DDW 2017), Chicago, USA, May 6-9, 2017. 

17. Hiroshi Ida, Naoshi Nishida, Satoru Hagiwara, Masatoshi Kudo：Analysis of 

hepatocellular carcinoma after achievement of sustained viral response with daclatasvir 

and asunaprevir for hepatitis C virus infection. The Asian Pacific Association for the 

Study of the Liver (APASL), Single Topic Conference 2017 Nagasaki, JRハウステンボス, 

Nagasaki, April 10-11. 2017.

18. Crocenzi TS, El-Khoueiry AB, Yau TC, Melero I, Sangro B, Kudo M, Hsu C, Trojan J, Kim 

TY, Choo SP, Meyer T, Kang YK, Yeo W, Chopra A, Baakili A, Dela Cruz CM, Lang L, Neely J, 

Welling T: Nivolumab (nivo) in sorafenib (sor)-naive and -experienced pts with advanced 

hepatocellular carcinoma (HCC): CheckMate 040 study. Annual Meeting of American Society 

of Clinical Oncology (ASCO 2017), Chicago, USA, June 2-6, 2017. 

19. Finn RS, Chan SL, Zhu AX, Knox J, Cheng AL, Siegel AB, Bautista O, Kudo M: Phase 3 

randomized study of pembrolizumab vs best supportive care for second-line advanced 
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hepatocellular carcinoma: KEYNOTR-240. Annual Meeting of American Society of Clinical 

Oncology (ASCO 2017), Chicago, USA, June 2-6, 2017.

20. Cheng AL, Finn RS, Qin F, Han KH, Ikeda K, Piscaglia F, Baron AD, Park JW, Han G, Jassem J, 

Blanc JF, Vogel A, Komov D, Evans TRJ, Lopez-Lopez C, Dutcus CE, Ren M, Kraljevic S, 

Tamai T, Kudo M: Phase 3 trial of lenvatinib (LEN) vs sorafenib (SOR) in first-line 

treatment of patien（pts) with unresectable hepatocellular carcinoma (uHCC). Annual 

Meeting of American Society of Clinical Oncology (ASCO 2017), Chicago, USA, June 2-6, 

2017.

21. Merle P, Granito A, Huang Y-H, Bodoky G, Yokosuka O, Rosmorduc O, Breder V, Gerolami 

R, Masi G, Ross P J, Qin S, Song T, Bronowicki J-P, Ollivier-Hourmand I, Kudo M, 

LeBerre M-A, Baumhauer A, Meinhardt G, Han G, Bruix J on behalf of the RESORCE 

Investigators: Updated overall survival analysis and further exploratory analyses from 

the international, phase 3, randomized, placebo-controlled RESORCE trial of regorafenib 

for patients with hepatocellular carcinoma who progressed on sorafenib treatment. 

International Liver Cancer Association (ILCA) 11th Annual Conference, Seoul, South 

Korea, Sepember 15-17, 2017.

22. Sakurai T, Kudo M, Nagai T, Kashida H: Gankyrin induces STAT3 activation in tumour 

microenvironment and sorafenib resistance in hepatocellular carcinoma. The 76th Annual 

meeting of the Japanese Cancer Association, Yokohama, September 28-30, 2017.

23. Kudo M: CEUS in the Diagnosis and Treatment for Malignant Liver Tumors. The 16th World 

Congress of the world federation for ultrasound in medicine and biology (WFUMB) 2017, 

Taipei, Taiwan, October 13-17, 2017.

24. Merle P, Granito A, Huang YH, Bodoky G, Pracht M, Yokosuka O, Rosmorduc O, Breder V, 

Gerolami R, Masi G, Ross P, Qin S, Song T, Bronowicki JP, Ollivier-Hourmand I, Kudo M, 

Schlief S, Fiala-Buskes S, Meinhardt G, Bruix J on behalf of the RESORCE Investigators: 

Time course of treatment-emergent adverse events (TEAEs) in the randomized, controlled 

phase 3 RESORCE trial of regorafenib for patients with hepatocellular carcinoma 

progressing on sorafenib treatment. American Association for the study of liver 

diseases (AASLD 2017), Washington DC, USA, October 20-24, 2017. 

25. Komeda Y, Kashida H, Sakurai T, Nagai T, Matsui S, Kudo M: Appropriate intervals to 

look for local recurrence after endoscopic treatment of colorectal neoplasms. 25th 

UEGW, Barcelona, October 28-November 1, 2017.

26. Nagai T, Matsui S, Kashida H, Komeda Y, Sakurai T, Kudo M: Bleeding after endoscopic 

resection for early gastric lesions in patients on antithrombotic therapy. 25th UEGW, 

Barcelona, October 28-November 1, 2017.

27. Cheng AL, Raoul JL, Lee HC, Kudo M, Nakajima K, Peck-Radosavljevic M on behalf of 

the OPTIMIS Investigators: An international observational study to assess the use of 

sorafenib after transarterial chemoembolization (TACE) in patients with hepatocellular 

carcinoma (HCC): OPTIMIS interim analysis. World Conference on Interventional Oncology 

(WCIO 2017), Boston, USA, June 8-11, 2017.

28. Melero I, El-Khoueiry AB, Yau T, Hsu C, Kudo M, Crocenzi T, Kim TY, Choo SP, Trojan J, 

Willing TH, Kang YK, Yeo W, Chopra A, Baakili A, dela Cruz C, Lang L, Sangro B, Meyer 

T: Efficacy and safety of nivolumab in patients with advanced hepatocellular carcinoma 

analyzed by patient age: a sub-analysis of the CheckMate 040 study. 19th ESMO World 

Congress on Gastrointestinal Cancer 2017 (ESMO-GI 2017), Barcelona, Spain, June 28-July 

1, 2017.

29. Bruix J, Merle P, Granito A, Huang YH, Bodoky G, Yokosuka O, Rosmorduc O, Breder V, 

Gerolami R, Masi G, Ross PJ, Qin S, Song T, Bronowicki JP, Ollivier-Hourmand I, Kudo M, 

LeBerre MA, Baumhauer A, Meinhardt G, Han G, on behalf of the RESORCE Investigators: 
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Updated overall survival (OS) analysis from the international, phase 3, randomized, 

placebo-controlled RESORCE trial of regorafenib for patients with hepatocellular 

carcinoma (HCC) who progressed on sorafenib treatment. 19th ESMO World Congress on 

Gastrointestinal Cancer 2017 (ESMO-GI 2017), Barcelona, Spain, June 28-July 1, 2017.

30. Itonaga M, Kitano M, Kawaji Y, Abe H, Takashi T, Nuta J, Hatamaru K, Omoto S, Minaga K, 

Kamata K, Miyata T, Yamao K, Imai H, Takenaka M, Kudo M: Endoscopic ultrasonography-

guided biliary drainage without dilation device using a thin delivery-system stent: A 

preclinical study. 25th UEG Week 2017, Barcelona, Spain, October 28- November 1, 2017. 

31. Chan SL, Finn RS, Zhu AX, Knox J, Cheng AL, Siegel AB, Bautista O, Kudo M: Phase 3, 

randomized KEYNOTE-240 study of pembrolizumab (Pembro) versus best supportive care (BSC) 

for second-line advanced hepatocellular carcinoma (HCC). European Society for Medical 

Oncology (ESMO)-ASIA 2017, Singapore, November 18, 2017.

32. Vogel A, Qin S, Kudo M, Hudgens S, Yamashita T, Yoon JH, Fartoux L, Simon K, Lopez 

C, Sung M, Dutcus C, Kraljevic S, Tamai T, Grunow N, Meier G, Breder V: Health-

related quality of life (HRQOL) and disease symptoms in patients with unresectable 

hepatocellular carcinoma (HCC) treated with lenvatinib (LEN) or sorafenib (SOR). AASLD 

2017. 

33. Aoki T, Kubota K, Matsumoto T, Izumi N, Kadoya M, Kubo S, Kumada T, Kokudo N, Sakamoto 

M, Takayama T, Nakashima O, Matsuyama Y, Kudo M, for the Liver Cancer Study Group of 

Japan: Significance of surgical margin in patients with single hepatocellular carcinoma 

undergoing curative hepatic resection: an analysis using nationwide survey data in 

Japan. AASLD 2017. 

34. Lee HC, Cheng AL, Raoul JL, Kudo M, Nakajima K, Peck-Radosavljevic M: Deterioration of 

Liver Function after Transarterial Chemoembolization (TACE) in Hepatocellular Carcinoma 

(HCC): An Exploratory Analysis of OPTIMIS, an International Observational Study 

Assessing the Use of Sorafenib after TACE. AASLD 2017. 

35. Kashida H: Instructor of hands-on seminar. 5th International teaching course on 

gastrointestinal endoscopy, Athens, Febraury 3-4, 2017.

36. Kashida H: Lecture: Endoscopic submucosal dissection (ESD). 5th International teaching 

course on gastrointestinal endoscopy, Athens, Febraury 3-4, 2017.

37. Minami Y：Fusion Image and Contrast Enhanced Ultrasonography in Assessing Ablation 

Effect. TATA 2017 Annual Meeting, Kaoshiung Chang Gung Memorial Hospital, Taiwan, 

Febraury 12, 2017.

 Ⅶ．学会発表（国内シンポジウム・パネルディスカッション・ワークショップ）

1. 米田頼晃, 樫田博史, 橋本有人, 岡元寿樹, 河野匡志, 山田光成, 足立哲平, 峯宏昌, 永井知行, 

朝隈　豊, 櫻井俊治, 松井繁長, 渡邉智裕, 工藤正俊：大腸腫瘍内視鏡治療後の局所再発に対す

るサーベイランスについて. ワークショップ7「大腸腫瘍の診断とサーベイランス法の最前線」, 

第13回日本消化管学会総会学術集会, 平成29年2月10日, 名古屋国際会議場, 名古屋.

 2. 宮田　剛, 竹中　完, 工藤正俊：ERCP後膵炎早期発見におけるERCP直後CT撮影の有用性. ワーク

ショップ2「胆膵領域における診断と治療の新たな展開」, 第106回日本消化器病学会近畿支部例

会, 平成29年2月25日, 大阪国際交流センター, 大阪.

 3. 岩西美奈, 辻　直子, 川崎正憲, 松本　望, 尾崎信人, 米田　円, 谷池聡子, 井上達夫, 梅原康

湖, 富田崇文, 前倉俊治, 落合　健, 工藤正俊：PPIによる胃低腺ポリープの変化についての検

討. Young Investigator Session1「直動・胃・十二指腸」, 第106回日本消化器病学会近畿支部

例会, 平成29年2月25日, 大阪国際交流センター, 大阪. 

 4. 森本真衣, 奥田英之, 秦　康倫, 木下大輔, 高山政樹, 岡崎典久, 川崎俊彦, 水野成人, 若狭朋

子, 太田善夫, 工藤正俊：多発する多血性肝腫瘍を認めた若年女性の1例. Freshman Session 8

「肝臓(4)」, 第106回日本消化器病学会近畿支部例会, 平成29年2月25日, 大阪国際交流セン
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ター, 大阪.

 5. 和田祐太郎, 三長孝輔, 竹中　完, 大本俊介, 鎌田研, 宮田　剛, 山雄健太郎, 樫田博史, 　　

工藤正俊：緊急EUS-guided choledochoduodenostomyが有効であった総胆管結石性胆管炎の一例. 

Freshman Session 9「胆道」, 第106回日本消化器病学会近畿支部例会, 平成29年2月25日, 大阪

国際交流センター, 大阪.

 6. 神山真紀子, 山雄健太郎, 大本俊介, 鎌田　研, 三長孝輔, 宮田　剛, 今井　元, 竹中　完, 工

藤正俊, 松本逸平, 竹山宜典, 筑後孝章：主膵管狭窄を厳重に経過観察することで診断し得た膵

上皮内癌の1例. Freshman Session 10「膵臓」, 第106回日本消化器病学会近畿支部例会, 平成29

年2月25日, 大阪国際交流センター, 大阪.

 7. 中野省吾, 鎌田　研, 竹中　完, 大本俊介, 宮田　剛, 三長孝輔, 山雄健太郎, 工藤正俊：膵

炎を繰り返す膵頭部癌に対して超音波内視鏡下膵管ドレナージ術を施行した一例. Freshman 

Session 11「膵臓・その他」, 第106回日本消化器病学会近畿支部例会, 平成29年2月25日, 大阪

国際交流センター, 大阪.

 8. 工藤正俊：Molecular Targeted Therapy for Hepatocellular Carcinoma: Current Status and 

Future Perspective. シンポジウム4「肝細胞癌の治療戦略」, 第76回日本医学放射線学会総会, 

平成29年4月13-16日, パシフィコ横浜, 神奈川.

 9. 鎌田　研, 竹中　完, 工藤正俊: EUSによるIPMN併存膵癌の早期発見と問題点. パネルディスカッ

ション「IPMNの診断と治療の進歩」, 第103回日本消化器病学会総会, 平成29年4月20-22日, 京王

プラザホテル, 東京.

10. 鎌田　研, 竹中　完, 工藤正俊: 胃粘膜下腫瘍における造影ハーモニックEUSによる悪性抽出能の

検討. パネルディスカッション07「上部消化管粘膜下腫瘍のマネージメントー経験とエビデンス

に基づく食道・胃粘膜下腫瘍の診断と治療指針ー」, 第93回日本消化器内視鏡学会総会, 平成29

年5月11-13日, 大阪国際会議場・リーガロイヤルホテル, 大阪.

11. 西田直生志, 工藤正俊: PD-L1陽性肝癌の臨床病理学的特徴と遺伝子変異プロファイル. シンポジ

ウム8「肝発癌メカニズムのパラダイムシフトとこれからの展望」, 第103回日本消化器病学会総

会, 平成29年4月20-22日, 京王プラザホテル, 東京.

12. 櫻井俊治, 樫田博史, 工藤正俊: STAT3 に注目した分子標的薬の治療効果予測. ワークショップ7

「進行大腸がん治療のup to date」, 第103回日本消化器病学会総会, 平成29年4月20-22日, 京王

プラザホテル, 東京.

13. 矢田典久, 櫻井俊治, 工藤正俊: Strain imaging によるC 型慢性肝疾患の肝発癌リスク予測. 

ワークショップ12「肝画像診断の進歩」, 第103回日本消化器病学会総会, 平成29年4月20-22日, 

京王プラザホテル, 東京.

14. 南　康範, 西田直生志, 工藤正俊: US-US image fusionを用いた肝細胞癌へのラジオ派焼灼術の

有用性. ワークショップ12「肝画像診断の進歩」, 第103回日本消化器病学会総会, 平成29年4月

20-22日, 京王プラザホテル, 東京.

15. 小川　力, 柴峠光成, 工藤正俊: 汎用型ワークステーションを用いた新しいTACE治療の試み. 

ワークショップ12「肝画像診断の進歩」, 第103回日本消化器病学会総会, 平成29年4月20-22日, 

京王プラザホテル, 東京.

16. 竹中　完, 山雄健太郎, 工藤正俊:早期慢性肝炎EUS所見の臨床的意義について. ワークショップ

13「早期慢性肝炎をめぐる諸問題」, 第103回日本消化器病学会総会, 平成29年4月20-22日, 京王

プラザホテル, 東京.

17. 松井繁長, 樫田博史, 工藤正俊: 噴門部静脈瘤合併巨木型食道静脈瘤にはEISL. シンポジウム4

「決定版！これが今の食道胃静脈瘤治療だ！」, 第93回日本消化器内視鏡学会総会, 平成29年5月

11-13日, 大阪国際会議場・リーガロイヤルホテル, 大阪.

18. 山雄健太郎, 竹中　完, 工藤正俊: 切除不能悪性胃十二指腸狭窄症例に対する胃十二指腸ステン

ト留置の予後予測因子の検討. ワークショップ01「緩和医療における内視鏡の役割」, 第93回日

本消化器内視鏡学会総会, 平成29年5月11-13日, 大阪国際会議場・リーガロイヤルホテル, 大阪.

19. 宮田　剛, 竹中 完, 工藤正俊: 経乳頭処置困難総胆管結石症例に対するEUS ガイド下治療の意

義. ワークショップ04「治療に難渋する胆管結石の治療ストラテジー」, 第93回日本消化器内視
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鏡学会総会, 平成29年5月11-13日, 大阪国際会議場・リーガロイヤルホテル, 大阪.

20. 米田頼晃, 樫田博史, 工藤正俊: The Japan NBI Expert Team(JNET)分類Type 2B 病変の取り扱い. 

パネルディスカッション05「大腸拡大JNET 分類の有用性と今後の課題」, 第93回日本消化器内視

鏡学会総会, 平成29年5月11-13日, 大阪国際会議場・リーガロイヤルホテル, 大阪.

21. 永井知行, 樫田博史, 工藤正俊: 当院主催のESD/EMR・大腸内視鏡挿入法のハンズオンセミナーの

検証. パネルディスカッション10「ハンズオンセミナーを検証する」, 第93回日本消化器内視鏡

学会総会, 平成29年5月11-13日, 大阪国際会議場・リーガロイヤルホテル, 大阪.

22. 三長孝輔, 竹中　完, 工藤正俊: 経乳頭的re-intervention 困難例の悪性肝門部胆道閉塞に対す

るEUS 下胆道ドレナージの有用性. パネルディスカッション11「EUS 下胆道ドレナージ（戦略と

安全な手技）」, 第93回日本消化器内視鏡学会総会, 平成29年5月11-13日, 大阪国際会議場・

リーガロイヤルホテル, 大阪.

23. 竹中　完, 東　健, 工藤正俊: 当院におけるERCP 教育の工夫(drawing pictures method/CD 

method). パネルディスカッション14「胆膵内視鏡における安全かつ効果的な教育法」, 第93回日

本消化器内視鏡学会総会, 平成29年5月11-13日, 大阪国際会議場・リーガロイヤルホテル, 大阪.

24. 矢田典久, 依田　広, 工藤正俊：各種超音波エラストグラフィデバイスの進歩とその有用性. シ

ンポジウム 消化器2 消化器横断領域「消化器領域における超音波最新技術」, 日本超音波医学会

第90回学術集会, 平成29年5月26-28日, 栃木県総合文化センター,宇都宮東武ホテルグランデ, ホ

テルニューイタヤ, 栃木.

25. 竹中　完, 大本俊介, 三長孝輔, 宮田　剛, 鎌田　研,　山雄健太郎, 今井　元, 樫田博史, 工藤

正俊：早期慢性膵炎EUS所見の臨床的意義について. パネルディスカッション 消化器1 膵臓「慢

性膵炎診断における超音波の役割」, 日本超音波医学会第90回学術集会, 平成29年5月26-28日, 

栃木県総合文化センター,宇都宮東武ホテルグランデ, ホテルニューイタヤ, 栃木.

26. 南　康範, 工藤正俊：ラジオ波焼灼術後のバブルによる高エコー域を壊死部とみなして良いか？

ワークショップ 消化器1 肝臓「肝腫瘤に対する穿刺・治療の進歩」, 日本超音波医学会第90回

学術集会, 平成29年5月26-28日, 栃木県総合文化センター,宇都宮東武ホテルグランデ, ホテル

ニューイタヤ, 栃木.

27. 工藤正俊：肝癌診療ガイドライン. 特別企画2「日本肝臓学会ガイドラインup to date」,第53回

日本肝臓学会総会, 平成29年6月9日, 広島国際会議場, 広島.

28. 工藤正俊：肝細胞癌の治療アルゴリズム―穿刺局所療法・TACE・化学療法―. 特別企画2「日本肝

臓学会ガイドラインup to date」B型肝炎治療ガイドライン, 第53回日本肝臓学会総会, 平成29年

6月9日, 広島国際会議場, 広島.

29. 永井知行, 松井繁長, 樫田博史, 工藤正俊: 抗血栓薬服用者の胃病変に対する内視鏡的治療の安

全の評価検討. シンポジウム1「上部消化管内視鏡治療の現状と課題」, 第98日本消化器内視鏡学

会近畿支部例会, 平成29年6月17日, 神戸ポートピアホテル, 兵庫.

30. 岡元寿樹, 米田頼晃, 朝隈　豊, 樫田博史, 工藤正俊: 大腸ESDにおける抗血栓薬の影響に関する

検討. シンポジウム2「下部消化器内視鏡治療の現状と課題」, 第98日本消化器内視鏡学会近畿支

部例会, 平成29年6月17日, 神戸ポートピアホテル, 兵庫.

31. 三長孝輔, 竹中　完, 宮田　剛, 樫田博史, 工藤正俊: 径乳頭処置困難総胆管結石症例に対する

EUSガイド下治療の成績. ワークショップ1「Interventional EUSによる胆膵診療の現状と新たな

展開」, 第98日本消化器内視鏡学会近畿支部例会, 平成29年6月17日, 神戸ポートピアホテル, 兵

庫.

32. 山雄健太郎, 竹中　完,樫田博史, 工藤正俊: 当院におけるself-expandable metallic stent留置

の工夫～BONASTENTの使用経験を添えて～. ビデオワークショップ「安全で確実なERCP関連処置を

目指して―手技のコツからトラブルシューティングまで―」, 第98日本消化器内視鏡学会近畿支

部例会, 平成29年6月17日, 神戸ポートピアホテル, 兵庫.

33. 今村修三, 秦　康倫, 岡崎典久, 木下大輔, 高山政樹, 奥田英之, 川崎俊彦, 水野成人, 工藤正

俊, 若狭朋子, 太田善夫, 盛田圭紀, 石黒信吾, 橋本恵介：内視鏡的粘膜下層剥離術にて切除し

た胃底腺胃癌の1例. Fresh Endoscopist Session 1 消化管1, 第98日本消化器内視鏡学会近畿支

部例会, 平成29年6月17日, 神戸ポートピアホテル, 兵庫.
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34. 河野辰哉, 松井繁長, 岡本彩那, 岡元寿樹, 河野匡志, 足立哲平, 米田頼晃, 永井知行, 朝隈

　豊, 櫻井俊治, 渡邉智裕, 樫田博史, 工藤正俊：ESDを施行した胃低腺型胃癌の検討. Young 

Endoscopist Session 3 「胃」, 第98日本消化器内視鏡学会近畿支部例会, 平成29年6月17日, 神

戸ポートピアホテル, 兵庫.

35. 高島耕大, 樫田博史, 朝隈　豊, 岡本彩那, 岡元寿樹, 河野匡志, 山田光成, 足立哲平, 米田頼

晃, 櫻井俊治, 松井繁長, 渡邉智裕, 工藤正俊：大腸早期印環細胞癌の一例. Young Endoscopist 

Session 7「小腸・大腸」, 第98日本消化器内視鏡学会近畿支部例会, 平成29年6月17日, 神戸

ポートピアホテル, 兵庫.

36. 中井敦史, 宮田　剛, 竹中　完, 大本俊介, 鎌田　研, 三長孝輔, 山雄健太郎, 樫田博史, 工藤

正俊：SpyGlassTM DSを用いた電気水圧衝撃波結石破砕術（EHL）が有用であった巨大総胆管結石

の一例. Young Endoscopist Session 8「胆道」, 第98日本消化器内視鏡学会近畿支部例会, 平成

29年6月17日, 神戸ポートピアホテル, 兵庫.

37. 鎌田　研, 竹中　完, 山雄健太郎, 三長孝輔, 宮田　剛, 大本俊介, 今井　元, 工藤正俊：胃

全摘後の総胆管結石性胆管炎に対して超音波内視鏡下管内胆管空腸吻合術が有用であった一例. 

Fresh Endoscopist Session 4「胆膵」, 第98日本消化器内視鏡学会近畿支部例会, 平成29年6月

17日, 神戸ポートピアホテル, 兵庫.

38. 大塚康生, 鎌田　研, 竹中　完, 山雄健太郎, 三長孝輔, 宮田　剛, 大本俊介, 今井　元, 工藤

正俊：急性膵炎の経過中に来たした肝障害の原因精査に超音波内視鏡が有用であった一例. Fresh 

Endoscopist Session 4「胆膵」, 第98日本消化器内視鏡学会近畿支部例会, 平成29年6月17日, 

神戸ポートピアホテル, 兵庫.

39. 櫻井俊治, 工藤正俊, 有住忠明, 田北雅弘, 矢田典久, 萩原　智, 南　康範, 依田　広, 上嶋一

臣, 西田直生志：STAT3制御分子に注目した肝細胞癌のソラフェニブ治療効果予測の可能性. プレ

ナリーセッション1. 第16回日本肝がん分子標的治療研究会, 平成29年6月24日, ルネッサンスリ

ゾートナルト, 徳島.

40. 南　康範, 工藤正俊：US-US overlay image fusionを用いたラジオ波焼灼術の有用性：従来治療

との比較. ワークショップ4「肝癌治療におけるナビゲーションの有用性と将来性」, 第53回日本

肝癌研究会, 平成29年7月6-7日, 京王プラザホテル, 東京.

41. 小川　力, 盛田真弘, 大村亜紀奈, 野田晃世, 出田雅子, 久保敦司, 石川哲朗, 松中寿浩, 玉置

敬之, 柴峠光成, 工藤正俊：鎮静下RFAにおける3D-GPS markerの使用経験と課題. ワークショッ

プ4「肝癌治療におけるナビゲーションの有用性と将来性」, 第53回日本肝癌研究会, 平成29年7

月6-7日, 京王プラザホテル, 東京.

42. 上嶋一臣, 工藤正俊, 泉　並木, 角谷眞澄, 久保正二, 熊田　卓, 國土典宏, 高山忠利, 坂元亨

宇, 中島　収, 松山　裕：Intermediate stage HCCの新しい亜分類と治療方針－全国原発性肝癌

追跡調査46997例の解析から－. パネルディスカッション1「Intermediate stage肝癌の標準治療

はなにか？：エビデンスとコンセンサス」, 第53回日本肝癌研究会, 平成29年7月6-7日, 京王プ

ラザホテル, 東京.

43. 國土典宏, 工藤正俊, 長谷川潔：第4版改訂のコンセプト. シンポジウム4「肝癌診療ガイドライ

ン第4版公聴会：エビデンスとコンセンサス」, 第53回日本肝癌研究会, 平成29年7月6-7日, 京王

プラザホテル, 東京.

44. 海堀昌樹, 吉井健悟, 横田　勲, 長谷川潔, 高山忠利, 久保正二, 權　雅憲, 長島文夫, 泉　並

木, 角谷眞澄, 工藤正俊, 熊田　卓, 坂元亨宇, 中島　収, 松山　裕, 國土典宏：肝癌研究会追

跡調査よりみた高齢肝細胞癌に対する外科的切除の意義. パネルディスカッション7「超高齢者肝

癌の治療(切除か非切除か)」, 第53回日本肝癌研究会, 平成29年7月6-7日, 京王プラザホテル, 

東京.

45. 國土貴嗣, 長谷川潔, 高山忠利, 泉　並木, 角谷眞澄, 工藤正俊, 久保正二, 坂元亨宇, 中島　

収, 熊田　卓, 國土典宏：肝静脈腫瘍栓合併肝細胞癌に対する外科的切除の意義の検討―肝癌研

究会追跡調査より.パネルディスカッション4「高度進行肝細胞癌(Vp3以上、Vv2以上)に対する集

学的治療：エビデンスとコンセンサス」, 第53回日本肝癌研究会, 平成29年7月6-7日, 京王プラ

ザホテル, 東京.
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46. 三長孝輔, 竹中 完,宮田 剛,中井敦史, 大本俊介, 鎌田 研, 山雄健太郎, 今井 元, 渡邉智裕, 

工藤正俊: EUSガイド下神経ブロックの成績と治療効果予測因子の検討. ビデオシンポジウム12

「超音波内視鏡を用いた膵疾患診療－基本から応用まで－」, 第48回日本膵臓学会大会, 平成29

年7月14-15日, 京都市勧業館みやこめっせ, 京都.

47. 竹中 完, 大本俊介, 三長孝輔, 鎌田 研, 宮田 剛, 山雄健太郎, 今井 元, 工藤正俊: 早期慢性

膵炎のEUS所見の妥当性, 早期治療介入の意義について. パネルディスカッション1「慢性膵炎の

進展予防を目的とした治療－その適応と限界－」, 第48回日本膵臓学会大会, 平成29年7月14-15

日, 京都市勧業館みやこめっせ, 京都.

48. 竹中 完, 大本俊介, 三長孝輔, 鎌田 研, 宮田 剛, 山雄健太郎, 今井 元, 工藤正俊: 当院にお

けるWONに対するstep-up approachの検討. パネルディスカッション3「急性膵炎の後期合併症に

対する手術・インターベンション治療の現状と課題」, 第48回日本膵臓学会大会, 平成29年7月

14-15日, 京都市勧業館みやこめっせ, 京都.

49. 竹中 完, 大本俊介, 三長孝輔, 鎌田 研, 宮田 剛, 山雄健太郎, 今井 元, 工藤正俊: 慢性膵炎

に対する径乳頭的金属ステント留置,短期間抜去の有用性. ミニワークショップ3-1「肝疾患診療

におけるERCPの役割を見直す」, 第48回日本膵臓学会大会, 平成29年7月14-15日, 京都市勧業館

みやこめっせ, 京都.

50. 三長孝輔, 竹中 完,宮田 剛,中井敦史, 大本俊介, 鎌田 研, 山雄健太郎, 今井 元, 渡邉智裕, 

工藤正俊: EUSガイド下神経ブロックの成績と治療効果予測因子の検討. ビデオシンポジウム12

「超音波内視鏡を用いた膵疾患診療－基本から応用まで－」, 第48回日本膵臓学会大会, 平成29

年7月14-15日, 京都市勧業館みやこめっせ, 京都.

51. 竹中 完, 大本俊介, 三長孝輔, 鎌田 研, 宮田 剛, 山雄健太郎, 今井 元, 工藤正俊: 早期慢性

膵炎のEUS所見の妥当性, 早期治療介入の意義について. パネルディスカッション1「慢性膵炎の

進展予防を目的とした治療－その適応と限界－」, 第48回日本膵臓学会大会, 平成29年7月14-15

日, 京都市勧業館みやこめっせ, 京都.

52. 竹中 完, 大本俊介, 三長孝輔, 鎌田 研, 宮田 剛, 山雄健太郎, 今井 元, 工藤正俊: 当院にお

けるWONに対するstep-up approachの検討. パネルディスカッション3「急性膵炎の後期合併症に

対する手術・インターベンション治療の現状と課題」, 第48回日本膵臓学会大会, 平成29年7月

14-15日, 京都市勧業館みやこめっせ, 京都.

53. 竹中 完, 大本俊介, 三長孝輔, 鎌田 研, 宮田 剛, 山雄健太郎, 今井 元, 工藤正俊: 慢性膵炎

に対する径乳頭的金属ステント留置,短期間抜去の有用性. ミニワークショップ3-1「肝疾患診療

におけるERCPの役割を見直す」, 第48回日本膵臓学会大会, 平成29年7月14-15日, 京都市勧業館

みやこめっせ, 京都.

54. 松井繁長, 樫田博史, 工藤正俊:巨木型食道静脈瘤に対するmodified EISL. ビデオワークショップ

4「EIS―私はこうしている―」, 第24回日本門脈圧亢進症学会総会, 平成29年9月14-15日, 東京

コンベンションホール, 東京.

55. 中井敦史, 竹中 完, 宮田 剛, 工藤正俊: 膵胆道腫瘍のリンパ節転移診断における造影ハーモ

ニックEUSの有用性. パネルディスカッション「胆膵疾患診療の最前線」, 日本消化器病学会近畿

支部第107回例会, 平成29年9月23日, 大阪国際交流センター, 大阪.

56. 吉田晃浩, 山雄健太郎, 中井敦史, 大本俊介, 鎌田 研, 三長孝輔, 宮田 剛, 今井 元, 竹中 完, 

樫田博史, 工藤正俊, 里井俊平, 松本逸平, 竹中宜典, 前西 修: 肝原発MCNと鑑別が困難であっ

た腸間膜神経鞘腫の一例. Young Investigator Session 3 肝2, 日本消化器病学会近畿支部第107

回例会, 平成29年9月23日, 大阪国際交流センター, 大阪.

57. 大賀智行, 宮田 剛, 竹中 完, 中井敦史, 三長孝輔, 鎌田 研, 山雄健太郎, 今井 元, 工藤正俊: 

食道癌、肺癌、膵臓癌の異時性3重複癌の1例. Freshman Session 3 膵, 日本消化器病学会近畿支

部第107回例会, 平成29年9月23日, 大阪国際交流センター, 大阪.

58. 久家沙希那, 永井知行, 松井繁長, 河野辰哉, 高島耕大, 木下 淳, 岡本彩那, 岡元寿樹, 石川 

嶺, 山田光成, 河野匡志, 米田頼晃, 櫻井俊治, 渡邊智裕, 樫田博史, 工藤正俊: カテーテルア

ブレーション後に急性胃拡張を来した2例. Freshman Session 6 胃・十二指腸1, 日本消化器病学

会近畿支部第107回例会, 平成29年9月23日, 大阪国際交流センター, 大阪.
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59. 田中秀和，鎌田　研，三長孝輔，竹中　完，中井敦史，大本俊介，宮田　剛，山尾健太郎，今井

　元，櫻井俊治，西田直生志，渡邉智裕，樫田博史，工藤正俊：Roux-en-Y 再建後の輸入脚狭窄

に対してショートタイプシングルバルーン内視鏡を用いて消化管ステント留置術を行った1例．

Yung Investigator Session10 胃・十二指腸3, 日本消化器病学会近畿支部第107回例会, 平成29

年9月23日, 大阪国際交流センター, 大阪.

60. 米田頼晃，樫田博史，工藤正俊：早期直腸癌に対する内視鏡治療について．ﾊﾟﾈﾙﾃﾞｨｽｶｯｼｮﾝ「早期

直腸がんに対する治療戦略」, 第72回日本大腸肛門病学会学術集会, 平成29年11月10-11日, 福

岡.

61. 山雄健太郎, 竹中　完, 樫田博史, 工藤正俊: Stage 0, I膵癌の発見におけるEUSの役割. ワーク

ショップ2「胆膵癌の早期発見における内視鏡の役割」, 第99回日本消化器内視鏡学会近畿支部例

会, 平成29年11月18日, 京都テルサ, 京都.

62. 山田信広, 米田頼晃, 三長孝輔, 河野辰哉, 高島耕太, 木下　淳, 石川　嶺, 岡本彩那, 岡元寿

樹, 山田光成, 河野匡志, 永井知行, 櫻井俊治, 松井繁長, 渡邊智裕, 樫田博史, 工藤正俊: 超

音波内視鏡下吸引細胞診（EUS-FNA）にて診断に至ったスキルス胃癌の1例. Fresh Endoscopist 

Session 2「胃」, 第99回日本消化器内視鏡学会近畿支部例会, 平成29年11月18日, 京都テルサ, 

京都.

63. 永井知行, 櫻井俊治, 樫田博史, 工藤正俊: 糞便移植を実施した潰瘍性大腸炎患者の2症例. パネ

ルディスカッション2「下部消化管炎症性疾患の診断と治療」，第99回日本消化器内視鏡学会近畿

支部例会, 平成29年11月18日, 京都テルサ, 京都.

64. 田中秀和, 三長孝輔, 竹中　完, 鎌田　研, 中井敦史, 大本俊介, 宮田　剛, 山雄健太郎, 今井

　元, 渡邊智裕, 樫田博史, 工藤正俊, 榎木英介, 木村雅友: 術前診断が困難であり経口膵管鏡

による直接生検で診断しえた膵神経内分泌癌の1例. Young Endoscopist Session 6「膵臓」, 第

99回日本消化器内視鏡学会近畿支部例会, 平成29年11月18日, 京都テルサ, 京都.

65. 中野省吾, 松井繁長, 高島耕太, 河野辰哉, 石川　嶺, 岡元寿樹, 山田光成, 河野匡志, 木下　

淳, 米田頼晃, 永井知行, 朝隈　豊, 櫻井俊治, 渡邊智裕, 樫田博史, 工藤正俊: 止血に難渋し

た十二指腸静脈瘤出欠の1例. Fresh Endoscopist Session 5「十二指腸・小腸」, 第99回日本消

化器内視鏡学会近畿支部例会, 平成29年11月18日, 京都テルサ, 京都.

66. 吉川馨介, 木下　淳, 櫻井俊治, 高島耕太, 河野辰哉, 石川　嶺, 岡本彩那, 河野匡志, 岡元寿

樹, 山田光成, 永井知行, 米田頼晃, 松井繁長, 渡邊智裕, 樫田博史, 工藤正俊: 大網裂孔ヘル

ニアによるレイウスの1例. Fresh Endoscopist Session 5「十二指腸・小腸」, 第99回日本消化

器内視鏡学会近畿支部例会, 平成29年11月18日, 京都テルサ, 京都.

67. 福永朋洋, 永井知行, 櫻井俊治, 岡元寿樹, 岡本彩那, 河野匡志, 山田光成, 米田頼晃, 松井

繁長, 渡邊智裕, 樫田博史, 工藤正俊: 空腸穿通魚骨を小腸内視鏡にて除去し得た一例. Young 

Endoscopist Session 9「小腸・その他」, 第99回日本消化器内視鏡学会近畿支部例会, 平成29年

11月18日, 京都テルサ, 京都.

68. 萩原　智：Naiveに対する各DAA治療不成功例の特徴. パネリスト. XIMENCY発売記念講演会 1st 

Announcement, 平成29年7月22日, 東京プリンスホテル,　東京.

 Ⅷ．学会発表（国内一般演題）

 1. 岡本彩那, 樫田博史, 米田頼晃, 岡元寿樹, 河野匡志, 足立哲平, 永井知行, 朝隈　豊, 櫻井俊

治, 松井繁長, 渡邉智裕, 工藤正俊：腸管症型T細胞リンパ腫の一例. 一般演題　小腸, 第106回

日本消化器病学会近畿支部例会, 平成29年2月25日, 大阪国際交流センター, 大阪.

 2. 國土貴嗣, 長谷川　潔, 松山　裕, 高山忠利, 泉　並木, 角谷真澄, 工藤正俊, 坂元亨宇, 中島 

収,　國土典宏: 血管腫瘍栓合併肝細胞癌に対する外科的切除の意義の検討-肝癌研究会追跡調査

より. 第72回日本消化器外科学会総会, 平成29年7月20-22日, 金沢, 石川.

 3. 西田直生志, 岩西美奈, 南　知宏, 千品寛和, 河野匡志, 有住忠晃, 田北雅弘, 矢田典久, 依田

　広, 萩原　智, 南　康範, 上嶋一臣, 工藤正俊: Locked Nucleic Acidsを用いた血清中マイク

ロRNA定量とソラフェニブ治療に対する反応予測. 第15回日本肝がん分子標的治療研究会, 平成29

年1月14日, イイノホール＆カンファレンスセンター, 東京.
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 4. 盛田真弘, 小川　力, 川井伸彦, 三野　智, 野田晃世, 出田雅子, 久保敦司, 松中寿浩, 玉置敬

之, 紫峠光成, 村川佳子, 日野賢志, 西田知紗, 横井靖世, 河合直之, 丸山哲夫, 木太秀行, 大

西宏明, 工藤正俊: 造影USにて破裂性肝膿瘍が予測できた一例. 第30回日本腹部造影エコー・ド

プラ診断研究会, 平成29年4月8日, 米子コンベンションセンター, 鳥取.

 5. 川井伸彦, 小川　力, 三野　智, 盛田真弘, 野田晃世, 出田雅子, 久保敦司, 松中寿浩, 玉置

敬之, 紫峠光成, 村川佳子, 日野賢志, 西田知紗, 横井靖世, 河合直之, 丸山哲夫, 木太秀行, 

大西宏明, 工藤正俊: 造影USにて診断した虚血性鼠径ヘルニアの一例. 第30回日本腹部造影エ

コー・ドプラ診断研究会, 平成29年4月8日, 米子コンベンションセンター, 鳥取.

 6. 小川　力, 川井伸彦, 三野　智, 盛田真弘, 野田晃世, 出田雅子, 久保敦司, 松中寿浩, 玉置敬

之, 紫峠光成, 村川佳子, 日野賢志, 西田知紗, 横井靖世, 河合直之, 丸山哲夫, 木太秀行, 大

西宏明, 工藤正俊: コンパニオン診断時代における造影USの役割とその啓蒙. 第30回日本腹部造

影エコー・ドプラ診断研究会, 平成29年4月8日, 米子コンベンションセンター, 鳥取.

 7. 岡元寿樹, 工藤正俊: 広範囲食道表在癌ESD 後の狭窄に対する治療成績の検討. 一般演題口演36 

食道－狭窄2, 第93回日本消化器内視鏡学会総会, 平成29年5月11-13日, 大阪国際会議場・リーガ

ロイヤルホテル, 大阪.

 8. 辻直子, 川崎正憲, 梅原康湖, 松本望, 工藤正俊: 胃前庭部たこいぼびらんとH. pyloriの関連. 

一般演題口演74 胃－HP関連, 第93回日本消化器内視鏡学会総会, 平成29年5月11-13日, 大阪国際

会議場・リーガロイヤルホテル, 大阪.

 9. 中井敦史, 山雄健太郎, 大本俊介, 鎌田研, 三長孝輔, 宮田剛, 今井元, 竹中　完, 松本逸平, 

竹山宜典, 筑後孝章, 工藤正俊: 硬化性胆管炎と診断された膵癌、閉塞性黄疸の1例. 一般演題ポ

スター12　膵-症例, 第93回日本消化器内視鏡学会総会, 平成29年5月11-13日, 大阪国際会議場・

リーガロイヤルホテル, 大阪.

10. 奥田英之, 高山政樹, 木下大輔, 秦　康倫, 岡崎能久, 川崎俊彦, 水野成人, 若狭朋子, 太田善

夫, 工藤正俊: 当院における小児上部消化管内視鏡検査の現状. 一般演題講演92　胃-その他2, 

第93回日本消化器内視鏡学会総会, 平成29年5月11-13日, 大阪国際会議場・リーガロイヤルホテ

ル, 大阪.

11. 井本　勉, 天野恵介, 飯尾悦子, 勝島慎二, 米田俊貴, 福永豊和, 堀江　裕, 鄭　浩柄, 國立裕

之, 金　秀基, 金　守良, 工藤正俊, 田中靖人：散発性急性C型肝炎例に於ける血清type-1 IFNｓ

及びtype-3 IFNｓ値の動態とその臨床的意義.セッション（一般公演）,第53回日本肝臓学会総会, 

平成29年6月8-9日,広島国際会議場, 広島. 

12. 河野匡志, 西田直生志, 南　知宏, 千品寛和, 有住忠晃, 田北雅弘, 依田　広, 矢田典久, 南　

康範, 萩原　智, 上嶋一臣, 工藤正俊：DAA投与におけるSVR後のAFP及びALT異常値と関連する臨

床背景の検討.セッション（一般公演）,第53回日本肝臓学会総会, 平成29年6月8-9日,広島国際会

議場, 広島. 

13. 南　康範, 西田直生志, 工藤正俊：US-US overlay image fusionを用いたラジオ波焼灼術の有用

性：従来法と野比較. セッション(一般公演), 第53回日本肝臓学会総会, 平成29年6月8-9日,広島

国際会議場, 広島.

14. 鎌田　研, 竹中　完, 大本俊介, 宮田　剛, 三長孝輔, 山雄健太郎, 今井　元, 筑後孝章, 安田

卓司, 工藤正俊：造影ハーモニックEUSによる上部消化管粘膜下腫瘍の鑑別診断～EUS-FNA診断と

の併用～. 奨励賞演題「消化器 奨励賞」,日本超音波医学会第90回学術集会, 平成29年5月26-28

日, 栃木県総合文化センター, 宇都宮東武ホテルグランデ, ホテルニューイタヤ. 栃木.

15. 青木　琢, 窪田敬一, 松本尊嗣, 泉　並木, 角谷眞澄, 久保正二, 熊田　卓, 國土典宏, 坂元

亨宇, 高山忠利, 中島 収, 松山裕, 工藤正俊：肝細胞癌に対する肝切除における、surgical 

marginの意義の検討：追跡調査データを用いた解析. 一般演題「肝切除(1)」, 第53回日本肝癌研

究会, 平成29年7月6-7日,　京王プラザホテル, 東京.

16. 竹中　完, 山雄健太郎, 鎌田　研, 三長　孝輔, 宮田　剛, 今井　元, 松本逸平, 竹山宜典, 前

西　修, 工藤正俊： 術前に肝原発嚢胞性病変が疑われた腸間膜由来神経鞘腫の1例. 口演20 肝・

その他, 第67回日本消化器画像診断研究会, 平成29年9月15-16日, 札幌プリンスホテル国際館パ

ミール, 北海道.
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17. 横川美香, 前野知子, 市島真由美, 塩見香織, 前川　清, 依田　広, 南　康範, 工藤正俊: FNHの

LMI-THI造影の検討. 一般演題9「消化器3（造影）」, 日本超音波医学会第44回関西地方会学術集

会,第21回関西地方講習会, 平成29年9月23日, 大阪国際会議場（グランキューブ大阪）, 大阪.

18. 永井知行，松井繁長，岡本彩那，岡元寿樹，河野匡志，山田光成，米田頼晃，櫻井俊治，渡邉智

裕，樫田博史，工藤正俊：抗血栓薬服用者に対する胃病変の ESD/EMR の安全性評価検討．第94回

日本消化器内視鏡学会総会　Japanese Digestive Disease Week (JDDW) 2017 Fukuoka, 平成29年

10月12-15日, 福岡.

19. 岡元寿樹，米田頼晃，樫田博史，岡本彩那，河野匡志，永井知行，櫻井俊治，松井繁長，渡邉

智裕，工藤正俊：抗血栓薬内服での大腸 ESD における検討．第59回日本消化器病学会大会　

Japanese Digestive Disease Week (JDDW) 2017 Fukuoka, 平成29年10月12-15日, 福岡.

20. 木下大輔, 秦　康倫, 岡崎能久, 高山政樹, 奥田英之, 川崎正憲, 水野成人, 川崎俊彦, 若狭朋

子, 太田善夫, 工藤正俊, 森田圭紀: ESDにより切除しえた、巨大直腸腫瘍の1例. 一般演題「大

腸2」, 第99回日本消化器内視鏡学会近畿支部例会, 平成29年11月18日, 京都テルサ, 京都.

21. 岡本彩那, 田北雅弘, 半田康平, 高田隆太郎, 福永朋洋, 南　知宏, 河野匡志, 千品寛和, 有住

忠晃, 南　康範, 依田　広, 櫻井俊治, 上嶋一臣, 西田直生志, 工藤正俊: リザーバー留置後に

十二指腸よりカテーテルの逸脱を認めた一例. 一般演題「十二指腸・小腸」, 第99回日本消化器

内視鏡学会近畿支部例会, 平成29年11月18日, 京都テルサ, 京都.

22. 河野匡志, 西田直生志, 千品寛和, 南　知宏, 有住忠晃, 田北雅弘, 矢田典久, 萩原　智, 南　

康範, 上嶋一臣, 工藤正俊：DAA投与におけるSVR後のAFP異常値と関連する臨床背景の検討. 一般

演題, 第42回日本肝臓学会西部会, 平成29年11月30日, ヒルトン福岡シーホーク, 福岡.

23. 福永朋洋, 萩原　智, 半田康平, 高田隆太郎, 岡本彩那, 南　知宏, 河野匡志, 千品寛和, 有住

忠晃, 田北雅弘, 南　康範, 依田　広, 上嶋一臣, 西田直生志, 工藤正俊: 胃への遠隔転移を認

めた肝細胞癌の一例. 若手医師症例報告奨励賞, 第42回日本肝臓学会西部会, 平成29年11月30日, 

ヒルトン福岡シーホーク, 福岡.

24. 高田隆太郎, 萩原　智, 福永朋洋, 半田康平, 岡本彩那, 南　知宏, 河野匡志, 千品寛和, 有住

忠晃, 田北雅弘, 南　康範, 依田　広, 上嶋一臣, 西田直生志, 工藤正俊: 真性多血症にBudd-

Chiari症候群を伴った1例. 若手医師症例報告奨励賞, 第42回日本肝臓学会西部会, 平成29年11月

30日, ヒルトン福岡シーホーク, 福岡.

25. 半田康平, 萩原　智, 福永朋洋, 高田隆太郎, 岡本彩那, 南　知宏, 河野匡志, 千品寛和, 有住

忠晃, 田北雅弘, 南　康範, 依田　広, 上嶋一臣, 西田直生志, 工藤正俊: 腹壁静脈瘤破裂に対

し直接穿刺にて硬化療法を施行した２例. 若手医師症例報告奨励賞, 第42回日本肝臓学会西部会, 

平成29年11月30日, ヒルトン福岡シーホーク, 福岡.

26. 工藤正俊: 急激に変貌する肝癌の薬物療法：免疫療法を含めて. 講演II. 中・四国肝疾患研究会, 

平成29年12月28日, JRホテルクレメント高松, 香川.

27. 樫田博史：～知っておきたい～ちょっと珍しい上部消化管病変．堺市医師会消化器談話会, 平成

29年1月14日, 大阪.

28. 萩原　智: 当院におけるDAAs治療成績. エレルサ®・グラジナ®発売記念講演会in南大阪, 平成29

年2月18日, シェラトン都ホテル大阪, 大阪.

29. 上嶋一臣：肝細胞癌の集学的治療～肝硬変のマネジメントの重要性を含めて～.　肝疾患治療セミ

ナー, 肝疾患とかゆみ, 平成29年2月18日, 大阪.

30. 上嶋一臣：肝細胞癌の集学的治療～肝硬変のマネジメントから肝細胞癌の最新治療まで～, レ

ミッチエリアフォーラムin南大阪, 平成29年2月23日, 大阪.

31. 樫田博史：大腸がんに関する地域連携の在り方．平成28 年度近畿大学医学部附属病院 「がん診

療連携医の会」, 平成29年3月11日.

32. 松井繁長：GERDの現状と今後の展望. 東牟婁郡医師会学術講演会. 平成29年3月30日, くしもと町

立病院, 和歌山.

33. 萩原　智: 当院におけるDAAs治療成績. 第13回Kinki Liver Club, 平成29年3月31日, スイスホテ

ル南海大阪, 大阪.

34. 上嶋一臣: ここまできた肝細胞癌の化学療法～分子標的薬の現状と免疫チェックポイント阻害剤
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に対する期待～. 第13回Kinki Liver Club, 平成29年3月31日, スイスホテル南海大阪, 大阪.

35. 岡元寿樹, 松井繁長, 樫田博史, 河野匡志, 山田光成, 足立哲平, 永井知行, 朝隈　豊, 米田頼

晃, 櫻井俊治：広範囲食堂表在癌ESD後の狭窄に対する治療成績の検討. 一般演題　口演36「食道

-狭窄2」. 第93回日本消化器内視鏡学会総会, 平成29年5月11-13日, 大阪国際会議場, リーガロ

イヤルホテル，大阪.

36. 根本大樹, 樫田博史, 冨樫一智：BLI拡大大腸内視鏡におけるJNET分類とNICE分類：大腸T1b癌の

読影試験からの考察. 一般演題 ポスター55「大腸-診断」. 第93回日本消化器内視鏡学会総会, 

平成29年5月11-13日, 大阪国際会議場, リーガロイヤルホテル，大阪.

37. 岡部義信, 竹中　完：ザ・プラスチックテント –Future&Past-.スポンサードイベント「モーニン

グセミナー4」. 第93回日本消化器内視鏡学会総会, 平成29年5月11-13日, 大阪国際会議場, リー

ガロイヤルホテル，大阪.

38. 中井陽介, 竹中　完：ザ胆膵手術を極める...結石除去＆ドレナージデバイス進化と特性.スポ

ンサードイベント「ランチョンセミナー13」. 第93回日本消化器内視鏡学会総会, 平成29年5月

11-13日, 大阪国際会議場, リーガロイヤルホテル，大阪.

39. 土田幸平, 岩下拓司, 渋川悟朗, 井上宏之, 鎌田　研：膵腫瘤性病変に対する新規のcore biopsy 

needleを用いたEUS-FNAにおける組織診断能の検討.一般演題　ポスター48「膵-EUS-FNA」. 第93

回日本消化器内視鏡学会総会, 平成29年5月11-13日, 大阪国際会議場, リーガロイヤルホテル，

大阪.

40. 樫田博史：中継先及び術者;ライブ中継「消化管セッション」. 第93回日本消化器内視鏡学会総

会, 平成29年5月11-13日, 大阪国際会議場, リーガロイヤルホテル，大阪

41. 岡元寿樹, 松井繁長, 樫田博史, 河野匡志, 山田光成, 足立哲平, 永井知行, 朝隈豊, 米田頼晃, 

櫻井俊治：広範囲食道表在癌 ESD後の狭窄に対する治療成績の検討．第93回日本消化器内視鏡学

会総会, 平成29年5月11-13日, 大阪国際会議場, リーガロイヤルホテル，大阪.

42. 斎藤　豊, 松田尚久, 中島　健, 坂本　琢, 山田真善, 高丸博之, The Japan NBI Expert Team 

(JNET：斎藤 豊　松田尚久　中島 健　坂本 琢　斎藤彰一　池松弘朗　和田祥城　岡 志郎　河野

弘志　佐野 寧　田中信治　藤井隆広　工藤進英　浦岡俊夫　小林 望　中村尚志　堀田欣一　堀

松高博　坂本直人　傅 光義　鶴田 修　樫田博史　竹内洋司　町田浩久　日下利広　吉田直久　

平田一郎　寺井 毅　山野泰穂　金子和弘　山口裕一郎　玉井尚人　中野(丸山)尚子　林 奈那　

岩館峰雄　石川秀樹　吉田茂昭)：基調講演  The Japan NBI Expert Team(JNET)大腸拡大 Narrow 

Band Imaging(NBI)分類の紹介． ﾊﾟﾈﾙﾃﾞｨｽｶｯｼｮﾝ「大腸拡大 JNET 分類の有用性と今後の課題」, 

第93回日本消化器内視鏡学会総会, 平成29年5月11-13日, 大阪国際会議場・リーガロイヤルホテ

ル, 大阪.

43. 根本大樹, 樫田博史, 冨樫一智：BLI 拡大大腸内視鏡における JNET 分類と NICE 分類：大腸 

T1b 癌の読影試験からの考察．第93回日本消化器内視鏡学会総会, 平成29年5月11-13日, 大阪国

際会議場・リーガロイヤルホテル, 大阪.

44. 樫田博史：ライブデモンストレーション演者. 第93回日本消化器内視鏡学会総会, 平成29年5月

11-13日, 大阪国際会議場・リーガロイヤルホテル, 大阪.

45. 依田　広: C型肝炎に対するダクラタスビル・アスナプレビル併用療法後のSVR後肝発癌について

の検討. 第2回関西肝疾患フォーラム, 2017年5月20日、帝国ホテル大阪、大阪.

46. 松井繁長：GERD診療における現状と今後の展望. 2017年近畿大学医学部同窓会大阪市支部学術講

演会, 平成29年5月20日, スイスホテル南海大阪, 大阪.

47. 萩原　智：高岡美樹のべっぴんラジオ「C型肝炎について病気や新しい治療をテーマにお届けしま

す。」.ラジオ大阪, 平成29年6月6日.

48. 南　康範：Precision RFAを目指して～可変型電極ができること～. ランチョンセミナー11「これ

からのRFA治療～可変型電極がもたらすinnovation～」. 第53回日本肝臓学会総会, 平成29年6月8

日, リーガロイヤルホテル広島, 広島.

49. 櫻井俊治: 潰瘍性大腸炎・クローン病ってどんな病気？市民公開講座, 平成29年6月3日,プリメー

ルアートホール, 大阪.

50. 松井繁長: 吐下血について. 平成29年度救急講演会, 平成29年6月20-21日, 近畿大学医学部付属
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病院円形棟小講堂, 大阪.

51. 松井繁長：十二指腸静脈瘤に対するアプローチ. 第26回近畿食道・胃静脈瘤研究会, 平成29年6月

24日, AP大阪梅田, 大阪.

52. 上嶋一臣：TACE不応の見極めの重要性～分子標的療法・肝動注化学療法移行へのベストタイミン

グ～. HCC 分子標的治療 Forum in 大分, 平成29年6月30日,大分.

53.  松井繁長: 抗血栓薬による消化管粘膜傷害について. 第I部消化管領域, Stroke Prevention 

in Atrial Fibrillation Forum in OSAKA, 平成29年7月1日, セントレジスホテル大阪, 大阪.

54. 松井繁長: 基調講演「GERD診療の最新話題」. 第19回近畿超音波内視鏡研究会クリニカルカン

ファレンス, 平成29年7月1日, AP大阪梅田茶屋町, 大阪.

55. 萩原　智：C型肝炎治療のピットフォール. Smart Life Symposium in 多治見.平成29年7月5日, 

オースタット国際ホテル多治見, 滋賀.

56. 上嶋一臣：PD1-5 Intermediate stage HCCの新しい亜分類と治療方針－全国原発性肝癌追跡調査

46997例の解析から－. パネルディスカッション1　 「Intermediate stage肝癌の標準治療はなに

か？：エビデンスとコンセンサス」, 第53回日本肝癌研究会, 平成29年7月6日, 東京.

57. 樫田博史: 大腸疾患最近の話題～便通異常から大腸癌まで～．八尾市医師会学術講演会, 平成29

年7月8日.

58. 上嶋一臣：高度脈管侵襲（Vp3,4）を伴う肝細胞癌に対する治療選択～内科の立場から～第17回関

西肝血流動態・機能イメージ研究会III.[Debate session] 平成29年7月8日, 大阪.

59. 依田　広：C型肝炎に対するDAA投与後SVR後初発肝発癌についての検討．第17回関西肝血流動態・

機能イメージ研究会, 平成29年7月8日, 梅田スカイビル, 大阪.

60. 萩原　智：C型肝炎治療のピットフォール～より安全に確実にSVRを目指すために～.G-STATION-

Lecture-, WEB講演会, 平成29年7月13日.

61. 上嶋一臣： Sorafenib - Regorafenib sequential 　therapyを見据えたTACE不応の見極め. 鹿児

島肝癌分子標的治療研究会, 平成29年7月14日, 鹿児島.

62. 上嶋一臣： TACE不応の見極めの重要性～分子標的療法・肝動注化学療法移行へのベストタイミン

グ～. 島根HCC治療セミナー, 平成29年7月19日, 島根.

63. 上嶋一臣：Sorafenib-Regorafenib sequential therapyを見据えたTACE不応の見極め治療戦略. 

大阪市立大学関連Nexavar HCC 講演会, 平成29年7月20日, 大阪.

64. 樫田博史: ライブデモンストレーション演者. 第1回 和歌山消化器内視鏡ﾗｲﾌﾞﾃﾞﾓﾝｽﾄﾚｰｼｮﾝｺｰｽき

のくにライブ, 平成29年7月27日, 和歌山.

65. 萩原　智：室臨床におけるエレルサ®/グラジナ®の使用成績. 肝炎インターネット講演会. 平成29

年8月9日.

66. 樫田博史：Kindai Univ. ESD/EMR Hands-on Seminar, 平成29年8月20日, 大阪.

67. 松井繁長: 治療に難渋した食道気管支廔の1例.症例から学ぶ. 第9回南大阪消化器疾患“なんでも

相談”会, 平成29年8月31日, スイスホテル南海大阪, 大阪. 

68. 上嶋一臣：リザーバー研究会主導臨床研究の提案. 特別企画「リザーバー動注化学療法のいまま

でそしてこれから」. 第42回リザーバー研究会, 平成29年9月1-2日, 高野山大学松下講堂・黎明

館, 和歌山.

69. 上嶋一臣：肝細胞癌に対する分子標的薬・免疫チェックポイント阻害剤治療の進歩～肝動注化学

療法はどうなるの？～. イブニングセミナー. 第42回リザーバー研究会, 平成29年9月1-2日, 高

野山大学松下講堂・黎明館, 和歌山.

70. 南　康範：Ablative margin の可視化：Hepatic GuideとUS-US overlay fusionの有用性. ラン

チョンセミナー1. 日本超音波医学会 第53回中国地方会学術集会,第16回中国地方会講習会,平成

29年9月2日, 倉敷市芸文館, 岡山.

71. 上嶋一臣：肝炎・肝硬変・肝細胞癌の薬物療法～DAAから分子標的薬、免疫チェックポイント阻害

薬まで～. 福井肝臓懇話会, 平成29年9月6日, 福井.

72. 上嶋一臣：肝細胞癌の集学的治療～肝硬変のマネジメントから肝細胞癌の最新治療まで～肝疾患
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Stress Response Protein RBM3 Promotes the Development of
Colitis-associated Cancer
Toshiharu Sakurai, MD,* Hiroshi Kashida, MD,* Yoriaki Komeda, MD,* Tomoyuki Nagai, MD,*
Satoru Hagiwara, MD,* Tomohiro Watanabe, MD,* Masayuki Kitano, MD,* Naoshi Nishida, MD,*
Jun Fujita, MD,†,‡ and Masatoshi Kudo, MD*

Background: Colitis-associated cancer (CAC) is caused by chronic intestinal inflammation and often results from refractory inflammatory bowel
disease (IBD). Stress response proteins Cirp and HSPA4 are involved in the refractory clinical course and development of CAC. RNA-binding motif
protein 3 (RBM3) is induced in response to various stresses and is upregulated in several cancers. However, the role of RBM3 in CAC is unclear.

Methods: We assessed RBM3 expression and function in 263 human intestinal mucosa samples from patients with IBD and in Rbm3-deficient
(Rbm32/2) mice.

Results: Expression of RBM3 was correlated with the expression of stress response proteins Cirp, HSPA4, and HSP27 in the colonic mucosa of patients
with IBD. Significant correlation was observed between the expression of RBM3 and that of Bcl-xL or stem cell markers. RBM3 expression increased
and significantly correlated with R-spondin expression in the colonic mucosa of patients with refractory IBD, a condition associated with increased
cancer risk, and RBM3 was overexpressed in human CACs. In the murine CAC model, Rbm3 deficiency decreased R-spondin and Bcl-xL expression and
increased apoptotic cell number in the colonic mucosa, leading to reduced tumor multiplicity. Transplantation of wild-type and Rbm32/2 bone marrow
did not alter tumor burden, indicating the importance of RBM3 in epithelial cells.

Conclusions: Our findings indicated that RBM3 was required for efficient inflammatory carcinogenesis in the murine CAC model and suggested that
RBM3 could be a predictive biomarker of CAC risk and a new therapeutic target for cancer prevention in patients with IBD.

(Inflamm Bowel Dis 2017;23:57–65)

Key Words: Bcl-xL, inflammatory bowel disease, R-spondin, CD133

C hronic intestinal inflammation, as that observed in patients
with inflammatory bowel disease (IBD), is a risk factor of

colitis-associated cancer (CAC).1,2 IBD comprises Crohn’s dis-
ease (CD) and ulcerative colitis (UC) and is characterized by
marked infiltration of inflammatory cells into the affected
mucosa. However, mechanisms underlying the pathogenesis of
CAC are poorly understood. Previously, we found that induction
of stress response proteins Cirp and heat shock protein A4

(HSPA4) in patients with long-standing inflammation of the
mucosa promoted the development of refractory colitis and
CAC.3,4 A recent study showed that Cirp is released into the
circulation.5 Analysis of serum Cirp levels may increase the
identification rate of patients who are at a high risk of develop-
ing CAC and hepatocellular carcinoma.3,6 Moreover, HSPA4
expression could predict poor therapeutic response of patients
with IBD to steroids.4 These data suggest that long-term inflam-
mation induces treatment resistance, refractory clinical course,
and eventually cancer through the stress response of host.

Crypt stem cells represent the cells of origin of intestinal
neoplasias. Both mouse and human intestinal stem cells can be
cultured in a medium containing stem cell–specific factors, such
as R-spondin and Noggin, over long periods to produce epithe-
lial organoids that remain genetically and phenotypically stable.7

Colorectal cancers arise from the loss of homeostasis of the
intestinal epithelium and hyperproliferation of the crypt epithe-
lium. Kim et al8 showed that R-spondin induced hyperprolifera-
tion of the crypt epithelium in mice. Consistently, R-spondin has
been reported to promote the development of colorectal cancer.9

Endogenous R-spondin is mainly localized in intestinal epithe-
lial cells.10

Similar to Cirp and HSPA4, RNA-binding motif protein 3
(RBM3) is induced under various conditions, including hypoxia
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and cold stress11,12 and is upregulated in several cancers.13–15 In the
present study, we examined whether RBM3 was involved in the
tumorigenesis of CAC by using human colonic tissue samples and
Rbm3-deficient (Rbm32/2) mice and found that RBM3 promoted
colorectal tumorigenesis by inhibiting apoptosis and by increasing
R-spondin expression in the gut. In patients with IBD, refractory
inflammation was associated with increased RBM3 expression in
the colonic mucosa, which enhanced the risk of CAC. To the best
of our knowledge, this is the first study on RBM3 as a possible
regulator of tumorigenesis in patients with IBD.

MATERIALS AND METHODS

Human Tissue Samples
In all, 263 intestinal mucosa samples from patients with

IBD (36 patients with CD and 209 patients with UC) and 18
normal colonic mucosa samples from patients without IBD were
obtained endoscopically at Kindai University Hospital between
January 2011 and March 2014. The study participants comprised
38 patients in remission and 207 patients with active IBD,
including 100 patients with refractory IBD. The tissue samples
were collected from involved areas of the intestine. Active
inflammation was defined as a Mayo endoscopic score of $2
in patients with UC and presence of ulcers in patients with CD
or presence of symptoms. Patients with refractory IBD were
defined as those with active IBD for .6 months at the time of
biopsy. Colonic mucosae surrounding colonic tumors that were
endoscopically resected were used as control mucosae in
Figure 4A. CAC specimens were obtained from 10 patients
who had undergone surgery. Informed consent for utilization of
the tissue samples for analysis was obtained from all the patients.
All study protocols conformed to the ethical guidelines of the
Declaration of Helsinki (1975) and were approved by the appro-
priate institutional review boards.

Mice and Treatment
Rbm32/2 mice were obtained from Prof. Tadatsugu Taniguchi

of the University of Tokyo. Sex- and age-matched C57BL/6:129P
Rbm32/2 mice and their wild-type (WT) littermates (age, 8–12
weeks) received 2.5% (wt/vol) dextran sodium sulfate (DSS;
molecular weight, 36–50 kDa; MP Biomedicals, Solon, OH) in
drinking water for 7 days. For developing the murine model of
CAC, the mice were intraperitoneally injected with 12.5 mg/kg
azoxymethane (AOM; Sigma-Aldrich, Tokyo, Japan). After 5
days, the mice were given drinking water containing 2.0% DSS
for 5 days, followed by regular water for 16 days. This cycle was
repeated 3 times. Next, the mice were given drinking water
containing 1.5% DSS for 4 days, followed by regular water for
7 days. After euthanization, the colon was excised from the
ileocecal junction to the anus, cut longitudinally, and prepared
for histological evaluation. Inflammatory cell infiltration score
and epithelial injury score were assessed as described
previously.3 Bone marrow transplantation experiments were

performed as described previously,3 with slight modifications.
Bone marrow (BM) from the tibia and femur was washed twice
in Hanks balanced salt solution, and 107 BM cells were injected
into the tail vein of lethally irradiated (11 Gy) recipient mice. All
animal procedures were performed in accordance with approved
protocols and with the recommendations for the proper care
and use of laboratory animals. This study was approved by the
Medical Ethics Committee of the Faculty of Medicine, Kindai
University.

Biochemical and
Immunohistochemical Analyses

Quantitative polymerase chain reaction, immunoblotting,
and immunohistochemical analysis were performed as described
previously.3,4,16 Primer sequences for quantitative polymerase
chain reaction are given in Table 1 (Supplemental Digital Con-
tent 1, http://links.lww.com/IBD/B381). The following antibod-
ies were used for performing immunoblotting: anti-b-actin
antibody (Sigma-Aldrich) and anti-Bcl-xL antibody (Cell Sig-
naling, Danvers, MA). Anti-RBM3 polyclonal antibody was
developed as described previously.11 Immunohistochemical
analysis was performed using ImmPRESS reagents (Vector
Laboratory, Burlingame, CA), according to the manufacturer’s
recommendations. Apoptosis in paraffin-embedded tissue sec-
tions was determined by performing immunofluorescent TdT-
mediated dUTP nick-end labeling (TUNEL) assay with In Situ
Apoptosis Detection Kit (Takara, Tokyo, Japan) and a confocal
laser microscope (FluoView FV10i; Olympus, Tokyo, Japan),
according to the manufacturer’s instructions. Nuclei were
stained with 4,60-diamidino-2-phenylindole to count the total
number of cells per crypt. A minimum of 10 crypts with a normal
morphology were counted per section. TUNEL-positive crypts
were counted from 100 randomly selected crypts.

Statistical Analysis
Differences were analyzed using Student’s t test, and rela-

tionship between the expression of several genes was analyzed
using Spearman’s rank correlation test. Variables of more than 2
conditions were compared using analysis of variance and post hoc
Tukey–Kramer honestly significant difference multiple compari-
son test. P , 0.05 was considered statistically significant.

RESULTS

RBM3 Expression Is Significantly Correlated
with Bcl-xL and Stem Cell Marker Expression
in the Colonic Mucosa of Patients with IBD

Long-standing intestinal inflammation increases the
expression of cold-inducible proteins, such as Cirp and HSPA4,
in the colonic mucosa of patients with IBD.3,4 Because RBM3 is
also induced by cold shock, we examined the association
between the expression of RBM3 and that of other stress
response proteins. RBM3 expression was significantly correlated
with HSPA4, Cirp, and HSP27 expression (linear coefficients of
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0.67, 0.58, and 0.52, respectively) in the colonic mucosa of
patients with UC (Fig. 1A–C). Like Cirp and HSPA4, RBM3
expression was also correlated with Bcl-2 and Bcl-xL expression
(Fig. 1D, E).

Cirp and HSPA4 increase the number of Sox2-positive cells
in the chronically inflamed colon.3,4 Moreover, expression of Cirp
and HSPA4 is correlated with that of several stem cell markers
such as Sox2 and Lgr5 in patients with IBD.3,4 RBM3 increases
stem cell characteristics of colorectal cancer cells.15 Expectedly,
we observed that RBM3 expression was significantly correlated
with Sox2 and Lgr5 expression in the colonic mucosa of patients
with UC and CD (Fig. 2). These data suggested that RBM3 func-
tioned as a tumor promoter similar to stress response proteins Cirp
and HSPA4.

In this study, patients with refractory IBD are defined as
those with long-term colonic inflammation lasting for more than 6
months. In the colonic mucosa of refractory UC, a stronger
correlation between RBM3 and Bcl-xL expression was found
compared with that in nonrefractory active UC (Fig. 3A). Simi-
larly, we found a significant correlation between RBM3 and
R-spondin expression in refractory UC but not in nonrefractory
active UC (Fig. 3B). These data suggest that RBM3 would reg-
ulate the expression of Bcl-xL and R-spondin in the setting of
chronic inflammation.

RBM3 Expression Is Increased in Patients with
Refractory IBD and CAC

In patients with refractory IBD, Cirp expression is higher in
inflammatory cells than in epithelial cells, whereas HSPA4
expression is similar in both inflammatory and epithelial cells.3,4

Immunohistochemical analysis was performed to identify RBM3-
expressing cells in the human intestine. In the chronically in-
flamed mucosa, RBM3 was expressed in both epithelial and
inflammatory cells (Fig. 4A), which was similar to that observed
with HSPA4.

Cirp and HSPA4 expression increases in the colonic
mucosa of patients with refractory IBD.3,4 We determined

FIGURE 1. A–D, Association between RBM3 and other stress response
proteins in the colonic mucosa of patients with UC. E, Association
between RBM3 and Bcl-xL in the colonic mucosa of patients with UC
and CD. Scatter plot of relative messenger RNA levels of RBM3 and the
indicated genes in the human colonic mucosa. The messenger RNA
level of each gene in the normal colon of an individual without IBD
was given an arbitrary value of 1.0.

FIGURE 2. A and B, Association between RBM3 and stem cell markers
in the colonic mucosa of patients with UC and CD. Scatter plot of
relative messenger RNA levels of RBM3 and the indicated genes in the
human colonic mucosa. The messenger RNA level of each gene in the
normal colon of an individual without IBD was given an arbitrary value
of 1.0.
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whether RBM3 expression was associated with the clinical sta-
tus of patients with IBD. RBM3 expression levels increased in
patients with refractory IBD who had long-term inflammation
compared with those in controls, patients with IBD in remis-
sion, and patients with nonrefractory active IBD (Fig. 4B).
Chronic inflammation often precedes or accompanies many
cancers. In this study, we observed that RBM3 was overex-
pressed in all the examined patients with CAC. Moreover, we
observed that tumor cells preferentially but not exclusively ex-
pressed RBM3 (Fig. 4C).

RBM3 Deficiency Attenuated Tumorigenesis
in the Murine CAC Model

Chronic inflammation increases the risk of intestinal cancer
in patients with IBD.1,2 To investigate the precise pathogenic
mechanisms underlying IBD-associated colorectal carcinogenesis,
we used an AOM-treated plus DSS-treated mouse model and
examined the role of RBM3 in CAC. Treatment with AOM plus
DSS significantly decreased the number but not the size of tumors

in Rbm32/2 mice compared with those in WT mice (Fig. 5A, B).
Histological examination of hematoxylin and eosin–stained tissue
sections of rolled-up colons did not show any differences between
tumors in WT and Rbm32/2 mice (data not shown). However,
RBM3 was expressed in both epithelial and inflammatory cells in
the surrounding nontumor tissues and was preferentially ex-
pressed in tumor cells (Fig. 5C), which is consistent with the
findings in humans (Fig. 4).

A decrease in tumor multiplicity in Rbm32/2 mice sug-
gested that RBM3 may be playing a role in initiated or early
tumor progenitor cell survival, as opposed to influencing tumor
promotion, in which case similar number of tumors, but smaller
tumors, would be expected. Given the involvement of RBM3 in
the initiation of colorectal cancer, RBM3 might act in nontrans-
formed colonic tissues rather than in established tumors. There-
fore, we focused on nontumor tissues but not on tumor tissues. A
stem cell–specific factor R-spondin is required for maintaining
intestinal stem cells7 and for inducing hyperproliferation of the
crypt epithelium,8 which would promote colorectal

FIGURE 3. A and B, Association between RBM3 and Bcl-xL or R-spondin expression in the intestinal mucosa of patients with nonrefractory active
UC and refractory UC. Scatter plot of relative messenger RNA levels of RBM3 and the indicated genes in the human colonic mucosa. The mes-
senger RNA level of each gene in the normal colon of an individual without IBD was given an arbitrary value of 1.0.

Sakurai et al Inflamm Bowel Dis � Volume 23, Number 1, January 2017

60 | www.ibdjournal.org

Copyright © 2016 Crohn’s & Colitis Foundation of America, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 https://academ

ic.oup.com
/ibdjournal/article-abstract/23/1/57/4595522 by guest on 20 N

ovem
ber 2018

－73－



carcinogenesis.9 Expression of R-spondin and cancer stem cell
marker CD133 was decreased in the colons of Rbm32/2 mice
compared with that in the colons of WT mice (Fig. 5D). Expres-
sion of Noggin, another stem cell–specific factor, and Sox2 was
slightly decreased in the colons of Rbm32/2 mice (Fig. 5D).
Tumor-derived R-spondin augments b-catenin signaling.9 How-
ever, expression of Lgr5, a downstream target gene of WNT/b-
catenin signaling pathway, was not affected by Rbm3 deletion in
the tumors of Rbm32/2 mice (data not shown).

Because RBM3 expression was significantly correlated
with Bcl-xL expression in humans (Figs. 2 and 3), we speculated
that RBM3 regulated Bcl-xL expression. Expectedly, RBM3
deficiency decreased Bcl-xL expression in the colons of AOM-
treated plus DSS-treated WT mice (Fig. 5D). In contrast, Bcl-xL
expression did not decrease in the tumors of AOM-treated plus
DSS-treated Rbm32/2 mice (Fig. 5D). Tumor and nontumor cells
use different mechanisms to regulate gene expression. In tumor
cells, Bcl-xL expression might be upregulated in an RBM3-
independent manner. To confirm the role of RBM3 in apoptosis,
we compared apoptosis induction in AOM-treated plus DSS-
treated WT and Rbm32/2 mice. Gut apoptosis was .2-fold high-
er in AOM-treated plus DSS-treated Rbm32/2 mice than in
AOM-treated plus DSS-treated WT mice (Fig. 6A). Bcl-xL
was expressed in both epithelial cells and inflammatory cells
(Fig. 6B), which was consistent with the cellular distribution

of RBM3 (Fig. 5C). In tumors, RBM3 did not affect apoptosis
induction (Fig. 6A). Collectively, these results suggested that
RBM3 protects intestinal cells from clearance due to inflamma-
tion in the murine CAC model.

To assess the effect of RBM3 on acute inflammation,
experimental colitis was induced by treating mice with 2.5% DSS
for 7 days. Inflammatory cell infiltration into the colon and
epithelial injury were not affected by RBM3 disruption (see Fig.
S1A, B, Supplemental Digital Content 2, http://links.lww.com/
IBD/B382). No significant difference in messenger RNA levels
of Bcl-xL, R-spondin, and CD133 was found between control
mice and RBM3-deficient mice (see Fig. S2, Supplemental Digital
Content 3, http://links.lww.com/IBD/B383). In Caco2 cells, an
immortalized line of human colorectal cancer cell, knockdown
of RBM3, did not reduce the expression of Bcl-xL, R-spondin,
and CD133 (see Fig. S3, Supplemental Digital Content 4, http://
links.lww.com/IBD/B384). These data suggest that RBM3 might
contribute to the enhanced colonic expression of these genes in
a non–cell-autonomous manner.

RBM3 Upregulates R-Spondin Expression and
Promotes Tumorigenesis Through
Epithelial Cells

To functionally characterize the contribution of different
cell populations to colorectal tumorigenesis, we developed

FIGURE 4. Increased expression of RBM3 in the intestinal mucosa of patients with refractory IBD and CAC. A, Representative images of immu-
nohistochemical staining of RBM3 in the colonic tissues of patients with treatment-refractory UC and of controls; scale bar, 50 mm. B, RBM3
messenger RNA expression in the human colonic mucosa of patients without IBD (Control; n ¼ 18), patients with IBD in remission (In remission;
n ¼ 38), patients with nonrefractory active UC (Nonrefractory active; n ¼ 107), and patients with refractory UC (Refractory; n ¼ 100) was analyzed
by performing quantitative polymerase chain reaction. P values were calculated using post hoc Tukey–Kramer honestly significant difference
multiple comparison test. F and P values obtained using analysis of variance are as follows: F ¼ 7.3 and P ¼ 0.0001. C, Representative images of
immunostaining of CAC tissues by using anti-RBM3 antibody; scale bar, 50 mm.
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RBM3-chimeric mice by using a combination of gamma irradi-
ation and bone marrow transplantation. Nontransplanted control
mice survived for ,2 weeks after the irradiation, indicating the
ablation of endogenous BM. Transplanted mice were allowed to

recover for 2 months before treating them with AOM plus DSS.
Rbm32/2 mice transplanted with WT or Rbm32/2 BM had sig-
nificantly smaller tumor burden than WT mice transplanted with
WT BM (Fig. 6C). WT mice transplanted with WT and Rbm32/2

FIGURE 5. Deficiency of RBM3 affects colonic tumorigenesis in the murine model of CAC. A, Typical examples of macroscopic tumorigenesis in the
murine CAC model. Colons were cut longitudinally. B, Tumor number (WT mice, n ¼ 6; Rbm32/2 mice, n ¼ 6). C, Results of immunohistochemical
staining of the colonic sections of AOM-treated plus DSS-treated WT and Rbm32/2 mice. Nontumor and tumor tissues obtained from the murine
CAC model were stained with anti-RBM3 antibody; scale bar, 50 mm. D, RNA was extracted from nontumorous and tumorous colonic tissues.
Relative levels of messenger RNA, as determined by performing quantitative polymerase chain reaction were normalized to those of actin
messenger RNA. Level of each messenger RNA in untreated colonic tissues was given an arbitrary value of 1.0.
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BM showed equivalent tumor numbers (Fig. 6C). Rbm32/2 mice
transplanted with Rbm32/2 or WT BM showed decreased
R-spondin expression compared with WT mice transplanted with
WT BM (Fig. 6D). WT mice transplanted with WT and Rbm32/2

BM showed equivalent R-spondin expression levels (Fig. 6D).
These data indicated that RBM3 acted in the epithelial compart-
ment to upregulate R-spondin expression and to enhance colorec-
tal tumorigenesis.

FIGURE 6. RBM3 upregulates R-spondin expression and promotes tumorigenesis through epithelial cell populations. A, TUNEL staining of colonic
tissues and tumors of WT and Rbm32/2 mice treated with AOM plus DSS. Apoptotic index was calculated by counting TUNEL signals in 100 crypts.
B, Representative images of immunohistochemical staining of Bcl-xL in the colonic tissues of WT mice and Rbm32/2 mice treated with AOM and
DSS; scale bar, 50 mm. C, WT mice transplanted with WT or Rbm32/2 BM and Rbm32/2 mice transplanted with WT or Rbm32/2 BM. Number of
tumors in each group of mice is as follows: WT BM/WT mice, n ¼ 4; Rbm32/2 BM/WT mice, n ¼ 4; WT BM/Rbm32/2 mice, n ¼ 4; Rbm32/2 BM/
Rbm32/2 mice, n ¼ 4. P values were calculated using post hoc Tukey–Kramer honestly significant difference multiple comparison test. D, RNA was
extracted from nontumorous colonic tissues. Relative levels of R-spondin messenger RNA, as determined by performing quantitative polymerase
chain reaction, were normalized to those of actin messenger RNA. R-spondin messenger RNA levels in untreated colonic tissues were given an
arbitrary value of 1.0; n ¼ 4 per group.
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DISCUSSION
Stress response pathways play important roles in cancers

arising from the loss of intestinal epithelial homeostasis. Stress
triggers important adaptive responses to maintain homeostasis.
One adaptive response is the induction of stress response proteins
that act as chaperones and protect host from different stresses.
However, increased and decreased stress response induces path-
ogenic conditions, such as inflammation and carcinogenesis.17

Increased expression of stress response proteins Cirp and HSPA4
promotes the development of refractory colitis and colorectal can-
cers.3,4 Here, we showed that the stress response protein RBM3,
which is upregulated in patients with refractory IBD, promoted
colorectal tumorigenesis. The association between IBD and CAC
is well established. The cumulative risk of developing colorectal
cancer after 20 years is 7% in patients with UC and 8% in patients
with CD.2 In addition, it is clear that chronic inflammation plays
a causative role in the transition to adenocarcinoma in IBD.1,2

Periodic colonoscopic surveillance with multiple biopsies is the
conventional method for the early detection of colitis-associated
dysplasia or cancer. However, such surveillance programs have
several limitations,18 and surveillance strategies need to be appro-
priately personalized. One of the challenges in colonoscopy for
cancer surveillance is the lack of risk stratification. Therefore,
analyzing the expression levels of stress response proteins may
be effective for improving the identification of patients with IBD
who are at a high risk of CAC. A future large-scale study involving
patients with different stages of IBD will be crucial for determin-
ing whether Cirp, HSPA4, and RBM3 can be used as biomarkers
for predicting the risk of colorectal carcinogenesis.

Although RBM3 messenger RNA and protein expression is
upregulated in human tumors, the clinical implications of RBM3 in
tumors are controversial.13–15,19–21 In contrast, RBM3 induces the
growth of nontransformed cells in an anchorage-independent man-
ner,13 suggesting that RBM3 would expand transformed cells and
act as a tumor promoter in nontransformed colonic mucosa. Because
crypt stem cells represent the cells of origin of intestinal neoplasias,
stem cell–specific factors, such as WNT, R-spondin, noggin, and
epidermal growth factor, would promote the growth of cancer stem
cells and intestinal stem cells in a paracrine manner.7–9 Bone mar-
row transplantation experiments indicated that RBM3 upregulated
R-spondin expression and promoted tumorigenesis through epithe-
lial cell populations. We showed that RBM3 deficiency decreased
Bcl-xL expression and increased apoptosis in nontumor tissues but
not in tumor tissues of AOM-treated plus DSS-treated mice. RBM3
may protect early progenitor cells from clearance due to chronic
inflammation. Because endogenous R-spondin is mainly localized
in intestinal epithelial cells,10 RBM3 might increase R-spondin
expression through inhibiting apoptosis of epithelial cells. Further-
more, RBM3 can bind the transcripts to regulate the expression of
several genes.12 RBM3 might regulate expression of R-spondin and
Bcl-xL genes posttranscriptionally as well.

Chronic inflammation enhances stress-induced Cirp and
HSPA4 expression in patients with IBD.3,4 Here, we found that

RBM3 expression increased because of refractory and long-term
inflammation in the human colonic mucosa. Because Cirp and
RBM3 are 2 evolutionarily conserved RNA-binding proteins that
are transcriptionally upregulated in response to low temperature,22

hypothermia might occur in the chronically inflamed colonic
mucosa. Hypoxia, which increases in chronic inflammatory dis-
eases, including IBD, upregulates Cirp and RBM3 expression,12

which may be one of the reasons for the induction of RBM3
expression by chronic inflammation. However, the exact mecha-
nisms underlying the regulation of RBM3 expression by long-
term inflammation are unknown.

In summary, our results suggested that chronic inflammation-
induced RBM3 inhibited apoptosis and augmented cancer stem cell
expansion by upregulating Bcl-xL and R-spondin expression, thus
increasing tumorigenesis. Thus, RBM3 would be a promising
biomarker for predicting the risk of cancer and a new therapeutic
target for cancer prevention in patients with IBD.
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 Abstract 
  Background:  Several studies suggest the role of circulating microRNAs (miRNAs) as biomark-
ers of hepatocellular carcinoma (HCC). However, the serum miRNA profile associated with the 
response to sorafenib remains to be elucidated. The aim of this study was to clarify the spe-
cific miRNAs in serum that could predict the early response of HCC to sorafenib treatment. 
 Summary:  Analyzing the sera from 16 HCC patients, we selected five miRNAs that showed 
differences in serum levels between patients with and without tumor responses among 179 
known secretory miRNAs by using locked nucleic acid probe-based quantitative PCR. Through 
further analysis using a validation cohort that included 53 HCC patients who underwent 
sorafenib treatment and 8 healthy control subjects, we found that miR-181a-5p and miR-339-
5p showed significant differences in serum levels among patients with partial response (PR), 
stable disease (SD), and progressive disease (PD), where PR patients showed the highest and 
PD the lowest levels. We also analyzed the factors associated with disease control (DC; PR or 
SD) 3 months after the initiation of sorafenib treatment; patients with DC showed a signifi-
cantly higher level of serum miR-181a-5p than non-DC patients or healthy control subjects 
(p = 0.0349 and 0.0180 for DC vs. non-DC and control vs. non-DC by Tukey-Kramer test, re-
spectively). We further conducted multivariate analysis among HCC patients with Barcelona 
Clinic Liver Cancer stage C using extrahepatic metastasis, serum decarboxyprothrombin, and 
miR-181a-5p levels as covariables; serum miR-181a-5p was the only independent factor for 
achieving DC (p = 0.0092, odds ratio 0.139, and 95% confidence interval 0.011–0.658). In ad-
dition, miR-181a-5p level was also the only independent factor affecting overall survival (p = 
0.0194, hazard ratio 0.267, and 95% confidence interval 0.070–0.818).  Key Messages:  A high 
serum level of miR-181a-5p before treatment is associated with DC after the initiation of 
sorafenib.  © 2016 S. Karger AG, Basel 
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 Introduction 

 Hepatocellular carcinoma (HCC) is one of the leading causes of cancer death worldwide 
 [1] . Despite recent advancements in the diagnosis and treatment of HCC, the prognosis of the 
patients at an advanced stage, where curative treatments are not applicable, is still unsatis-
factory.

  Noncurative treatment of HCC mainly consists of transcatheter-based treatment and 
molecular targeting treatment  [2] ; to date, sorafenib is the only agent that has improved the 
time-to-progression and overall survival (OS) in advanced stages of HCC with vascular 
invasion and extrahepatic spread  [3] . According to the Barcelona Clinic Liver Cancer (BCLC) 
algorithm that refers to disease staging and treatment allocation, sorafenib is proposed as a 
first-line treatment for cases with BCLC stage C, where cancer has spread into blood vessels 
or extrahepatic tissues  [4] . However, a considerable number of HCC patients with BCLC stage 
C are refractory to sorafenib; some of these patients may have a survival benefit from trans-
catheter-based treatment if intrahepatic tumor could be considered as a main prognostic 
factor for survival  [5] . On the other hand, a subset of HCC patients with BCLC stage B, where 
transcatheter chemoembolization (TACE) is recommended, might be refractory to TACE but 
respond to sorafenib  [6] . From this point of view, it is important to develop a biomarker to 
narrow down the subgroup of the patients who have a survival benefit from sorafenib 
treatment.

  Recently, a number of studies have reported that microRNAs (miRNAs) could be key 
players in the pathogenesis of liver cancer  [7] . Given that a single miRNA targets multiple 
mRNAs, the alteration of multiple pathways attributed to the miRNA profile may act in concert 
and affect the sensitivity of HCC cells to sorafenib  [8–10] . To date, several reports have 
suggested that miRNAs could influence the cellular response to drugs, and a profile of the 
miRNAs in peripheral blood could be biomarkers for the drug response of HCC  [11–13] . 
However, the performance of miRNAs as biomarkers for the response to sorafenib treatment 
remains to be elucidated.

  Moreover, several issues need to be addressed for the quantification of serum miRNAs 
 [14] . For example, the low concentration of miRNAs in peripheral blood could give rise to 
unreliable quantification, and nonspecific miRNAs derived from apoptotic bodies due to the 
injury of liver tissue and blood cells could act as noise in the measurement of target miRNAs. 
In addition, a reference for the quantification of miRNAs in peripheral blood has not yet been 
established. In this study, we attempted to address these important issues using locked 
nucleic acid (LNA) probes for quantitative PCRs (qPCRs). LNA is a modified RNA nucleotide, 
and qPCR using LNA probes provides enhanced sensitivity and specificity for quantification 
 [15] . In this study, we specifically focused on the 179 known secretory miRNAs present in 
peripheral blood, and performed quantification using several reference miRNAs that are 
abundant in serum as a control of quantification. These procedures allowed us to perform 
stable quantification and eliminate the background noise of miRNAs in serum. Using screening 
and validation cohorts, we examined the secretory miRNAs in peripheral blood that could 
help identify the subclass of HCC patients who would likely respond to sorafenib treatment.

  Materials and Methods 

 Patients and Screening of Serum miRNAs Associated with Tumor Response to Sorafenib Therapy 
 For the screening of miRNAs that could predict the initial response to sorafenib, we selected 8 HCC 

patients who showed partial response (PR) to sorafenib treatment at 3 months after the initiation of the 
treatment as well as 8 patients with progressive disease (PD) at 1 month after treatment initiation (screening 
cohort). The sera were collected before the initiation of sorafenib. The tumor response was evaluated 
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according to the criteria outlined in the modified Response Evaluation Criteria in Solid Tumors (mRECIST) 
 [16] . The characteristics of the screening cohort that consisted of the PR and PD patients are shown in online 
supplementary table 1 (for all online suppl. material, see www.karger.com/doi/10.1159/000449475). Using 
the serum from the screening cohort that was collected before the initiation of sorafenib, we selected the 
miRNAs that showed differences in serum levels between the PR and PD cases.

  In the next step, we selected 53 consecutive patients who underwent sorafenib treatment for more than 
1 month between July 2009 and May 2013 as a validation cohort. Among the 53 patients, 12 received sorafenib 
treatment as an initial therapy for HCC. On the other hand, 41 patients underwent several treatments before 
sorafenib, and the last treatment before sorafenib was as follows: 26 patients received TACE, 7 underwent 
hepatic arterial infusion chemotherapy, 5 received radiofrequency ablation, one underwent surgical resection 
and 2 received other molecular targeting agent.

  The collection of serum was performed within 1 week prior to the initiation of treatment, and serum 
was stored at –80   °   C until the measurement of miRNA. The characteristics of the validation cohort are listed 
in  table 1 . Briefly, the median age of the patients was 74 years of age (67.5–79.5), with 45 males and 8 females. 
Thirteen were positive for hepatitis surface antigen (HBsAg), 22 were positive for hepatitis C virus antibody, 
and 18 were negative for both. Eight patients were classified as Barcelona Clinic or Liver Cancer (BCLC) stage 
A, 15 were stage B, and 30 were stage C. Twenty-three patients showed extrahepatic metastasis and 11 had 
vascular invasion. The median duration of sorafenib treatment was 99 days (24–567 days). Fifteen patients 
discontinued sorafenib administration before the 3rd month of treatment due to the diagnosis of PD or 
noncompliance with treatment. We also measured the serum miRNA levels from 8 healthy volunteers ranging 
in age from 23 to 77 years old. Informed consent was obtained from each patient, and the study protocol 
conforms to the ethical guidelines of the 1975 Declaration of Helsinki. This study was approved by the insti-
tution’s research committee.

  Follow-Up and Assessment of Response 
 After the initiation of sorafenib, the response to the therapy was assessed at 1 and 3 months; complete 

response (CR), PR, stable disease (SD), and PD were determined based on the radiological findings obtained 
from contrast-enhanced computed tomography that were reviewed by 2 independent radiologists in a 
nonblinded fashion. Extrahepatic metastasis was also evaluated as required using chest X-ray, bone scintig-
raphy, or fluorodeoxyglucose positron emission tomography  [6] . We also defined the disease control rate 
(DCR) as the total number of the patients with CR, PR, and SD divided by the number of all patients, and the 
patients were classified under disease control (DC) or not based on the contrast-enhanced computed tomog-
raphy findings 3 months after the initiation of sorafenib  [3] . Blood chemical tests, and serum α-fetoprotein 
and decarboxyprothrombin (DCP) levels were also measured monthly.

  Extraction of Total RNA from Serum and cDNA Synthesis 
 Total RNA including miRNA was isolated from 250 μl of serum using the miRNeasy mini-kit according 

to the manufacturer’s protocol (Qiagen, Hilden, Germany); 1 μg of carrier MS2 RNA was added to each serum 
sample (F. Hoffmann-La Roche, Ltd, Basel, Switzerland). We also used a set of synthetic RNA spike-ins (RNA 
spike-in kit; UniRT) for quality control, such as monitoring RNA isolation efficiency, interplate calibration, 
cDNA synthesis, and qPCR (Exiqon, Vedbaek, Denmark). RNA was eluted into 50 μl of DNase/RNase-free 
water. For the reverse transcription, 2 μl of template total RNA solution was added to 2 μl of 5× reaction 
buffer, 4.5 μl of nuclease-free water, 1 μl of enzyme mix, and 0.5 μl of enzyme mix synthetic RNA spike-ins, 
according to the manufacture’s protocol (Universal cDNA Synthesis Kit II; Exiqon).

  Quantification of Serum miRNA Levels 
 For the screening of miRNAs that predict an early response to sorafenib treatment and reliable detection 

of low amounts of serum miRNA, we used a serum/plasma focus miRNA PCR panel containing 179 miRNA 
primer sets focused on secreted serum/plasma relevant human miRNAs, and ExiLENT SYBR Green master 
mix (Exiqon, Vedbaek, Denmark). For the stability measurements of low level of miRNAs, an LNA probe, a 
novel type of nucleic acid analog that could distinguish a 1-bp mismatch, was used to obtain enhanced sensi-
tivity and specificity   of qPCR. The qPCR was performed using the StepOne real-time detection system 
(Applied Biosystems, Foster City, Calif., USA). The expression level of five reference miRNAs abundantly 
detected in serum (miR-95-5p, miR-103a-3p, miR-191-5p, miR-423-3p, and miR-425-5p) was measured, and 
their mean value was applied as an internal control for quantification  [17, 18] . We applied the comparative 
cycle threshold method for relative quantification of miRNAs within the input according to the manufac-
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 Table 1.  Clinical characteristics of the validation cohort

Clinical factors Characteristics of the patients1

Age, years 74 (67.5 to 79.5)
Sex

Male 45
Female 8

Etiology
HBV 13
HCV 22
NBNC 18

Maximum tumor size, cm 3.7 (2.1 to 7.25)
Number of tumors

≤5 25
≥6 28

BCLC stage
A 8
B 15
C 30

Extrahepatic metastasis
Without 30
With 23

Portal vein thrombosis
Without 42
With 11

Serum AFP level before treatment, ng/ml 70 (10 to 4,846)
Serum DCP level before treatment, mAU/ml 1,185 (68.5 to 7,865)
Initial dose of sorafenib

200 mg 1
400 mg 16
800 mg 36

Duration of sorafenib treatment, days 99 (56 to 233.5)
Response to sorafenib

ΔAFP at 1 month after the initiation2 0.03 (–0.27 to 0.57)
ΔDCP at 1 month after the initiation3 1.80 (0.34 to 3.31)
At 1 month after the initiation

PR 11
SD 22
PD4 20

At 3 months after the initiation
P R 7
SD 9
PD5 22

DCR at 3 months after the initiation6 16/53 (30.2%)

 AFP = α-Fetoprotein. 1 Median value (25th to 75th percentiles) for contentious variables, and number of 
cases for categorical variables are shown as characteristics of the patients. 2 Differences of serum AFP level 
between before and at 1 month after the initiation of sorafenib; the ΔAFP is calculated as (AFP level after the 
treatment – baseline AFP level) divided by baseline AFP level. A minus score indicates a decrease in APF 
compared with a baseline value. 3 Differences of serum DCP level between before and at 1 month after the 
initiation of sorafenib; the ΔDCP is calculated as (DCP level after the treatment – baseline DCP level) divided 
by baseline DCP level. A minus score indicates a decrease in DCP compared with a baseline value. 4 Response 
at 1 month after the initiation of sorafenib was not determined in one patients. 5 Sorafenib treatment was 
stopped before the 3rd month in 15 patients because of the disease progression. These patients were not 
evaluated for response at 3 months after the initiation. 6 DCR was calculated as total number of the patients 
with PR and SD divided by total number of all patients.
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turer’s instruction. We performed duplicate measurements per experiment, and the mean number of cycles 
required for the fluorescent signal to reach the threshold (quantification cycle; Cq) was determined for each 
sample. The Cq was determined automatically by the StepOne real-time detection system (Applied 
Biosystems). The difference of Cq between the target miRNA and a mean of the five reference miRNAs (ΔCq) 
was considered as a relative value of serum miRNA level for each sample  [18] . Specificity of amplification was 
confirmed using melting curve analysis for each amplification (online suppl. fig. 1). Since serum miRNAs 
derived from blood cells should affect the measurement of miRNA from HCC cells, the serum level of three 
miRNAs abundantly present in blood cells (miR-16, miR-451, and miR-23a) was also examined to monitor 
hemolysis  [18] . For the validation of miRNAs that are associated with early response to sorafenib, we also 
applied LNA miRNA primer-based qPCR.

  Statistics 
 For comparing contentious variables, the Wilcoxon rank-sum test, Kruskal-Wallis test and Student’s t 

test, or one-way factorial analysis of variance (ANOVA) was applied. For multiple comparisons, the Tukey-
Kramer test or Wilcoxon rank-sum test with Bonferroni correction was applied. For categorical comparisons 
of clinical data, the χ 2  test or Fisher’s exact test was used. For the interassay variation, Pearson’s correlation 
test was applied; the percentage coefficient of variation (%CV) was calculated. For the survival analysis, we 
applied Kaplan-Meier analysis and calculated a p value using the log-rank test. Variables with a p value of 
<0.05 on univariate analysis were further analyzed by the Cox proportional-hazards regression model to 
determine the independent determinants of outcome variables. All p values were two-sided, and p < 0.05 was 
considered statistically significant. All statistical analyses were calculated using the JMP version 4.05J 
software (SAS Institute Inc., Cary, N.C., USA).

  Results 

 Screening of Serum miRNAs Associated with Early Response to Sorafenib 
 Initially, we conducted a screening of miRNAs associated with early response to sorafenib 

among 179 secreted miRNAs in serum. For this purpose, we compared serum miRNA levels 
between 8 HCC patients who showed PR for 3 months (PR group) and 8 HCC patients who 
were diagnosed as PD 1 month after initiation of treatment (PD group) (online suppl. fig. 2). 
Eight miRNAs showed significant differences in serum levels between the PR and PD groups 
with p values of <0.05 by Student’s t test ( table 2 ). Among them, we further selected 5 miRNAs, 
miR-17-5p, miR-181a-5p, miR-33a-5p, miR-339-5p, and miR-148b-3p, as candidates for vali-
dation as these miRNAs showed differences in serum levels even with the nonparametric 
method (p < 0.0587 by Wilcoxon rank-sum test) and were present at a high enough concen-
tration in serum to allow for quantification (ΔCq <6) ( table 2 ). Of them, 4 showed a decrease 

 Table 2.  Candidates of serum miRNAs for the prediction of early response to sorafenib

Candidate
miRNA1

Mean
ΔCq

PR group, median
ΔCq (distribution)

PD group, median
ΔCq (distribution)

p value by
Student’s
t test

p value by
Mann-
Whitney U
test

miRNA levels in 
PR group
vs. PD group

hsa-miR-136-5p 6.707 5.572 (4.954 – 7.162) 7.957 (7.146 – 7.996) 0.0046 0.0275 increased
hsa-miR-17-5p 5.361 5.630 (5.016 – 8.622) 4.919 (3.842 – 5.048) 0.0144 0.0023 decreased
hsa-miR-181a-5p 2.555 2.098 (1.720 – 3.388) 2.972 (2.112 – 3.554) 0.0238 0.0357 increased
hsa-mi R-182-5p 7.455 7.648 (7.272 – 9.466) 6.918 (6.046 – 8.044) 0.0275 0.0618 decreased
hsa-miR-33a-5p 5.520 4.987 (4.066 – 5.744) 5.976 (4.818 – 8.374) 0.0342 0.0357 increased
hsa-miR-335-5p 6.684 6.279 (4.578 – 7.31) 6.903 (5.784 – 8.916) 0.0423 0.0587 increased
hsa-miR-339-5p 5.958 5.804 (4.568 – 6.414) 6.254 (5.348 – 7.368) 0.0428 0.0587 increased
hsa-miR-148b-3p 2.068 1.950 (0.628 – 2.270) 2.474 (1.574 – 3.118) 0.0443 0.0587 increased

 1 miRNAs that showed a difference of serum levels between PR and PD groups with p < 0.05 by Student’s t test. miRNAs with p < 0.05 
by Mann-Whitney U test, and mean ΔCq <6 are shown in bold.
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in ΔCq in the PR group compared with that of the PD group, and 1 miRNA showed an increased 
ΔCq in the PR group.

  Initial Response to Sorafenib among HCC Patients in the Validation Cohort 
 Among the 53 patients in the validation cohort, no patients were diagnosed as CR at 

either 1 or 3 months after the initiation of treatment. Eleven (11/53, 20.8%), 22 (22/53, 
41.5%), and 20 (20/53, 37.7%) patients comprised the PR, SD, and PD groups at 1 month, 
respectively. Of them, 5 and 10 patients who were classified as SD and PD, respectively, 1 
month after the initiation of sorafenib, discontinued treatment due to tumor progression. The 
response at 3 months was evaluated in 38 patients; 7 (7/38, 18.4%), 9 (9/38, 23.7%), and 22 
(22/38, 57.9%) patients were diagnosed as PR, SD, and PD, respectively. No patients in the 
PR group at the first month of the treatment were diagnosed as CR afterwards. Thus, the DCR 
at 3 months, calculated as the number of patients with PR and SD for 3 months divided by the 
total number of patients who received sorafenib, was 30.2% (16/53).

  Validation of Serum miRNAs That Predict Early Response to Sorafenib 
 We confirmed the association of serum miRNA levels with tumor response 1 and 3 

months after the initiation of sorafenib for five different miRNAs selected from the validation 
cohort. Of them, miR-181a-5p and miR-339-5p showed significant differences in serum levels 
1 month after the initiation of sorafenib among the PR, SD, and PD groups by both ANOVA and 
nonparametric Kruskal-Wallis tests (p = 0.0223 and 0.0256 by ANOVA and Kruskal-Wallis 
tests for miR-181a-5p, respectively; p = 0.0244 and 0.0133 by ANOVA and Kruskal-Wallis 
tests for miR-339a-5p, respectively,  fig. 1 a, b). These miRNA levels also showed significant 
differences 3 months after treatment initiation among the sera from the three groups (p = 
0.0333 and 0.0271 by ANOVA and Kruskal-Wallis tests for miR-181a-5p, respectively; p = 
0.0323 and 0.0290 by ANOVA and Kruskal-Wallis tests for miR-339a-5p, respectively,  fig. 1 c, 
d). Interestingly, there was a clear trend between tumor response and the ΔCq of miRNAs; in 
patients with PR it is the smallest, and in those with PD it is the largest ( fig. 1 ).

  Using healthy subjects as a control, we compared the serum miRNA levels between 
patients with and without DC 3 months after treatment. Although the ΔCq of miR-339-5p is 
larger in patients without DC (non-DC) than those with DC by nonparametric analyses (p = 
0.0341 among 3 groups by the Kruskal-Wallis tests, and p = 0.0143 between DC and non-DC 
by Wilcoxon rank-sum test with Bonferroni correction;  fig. 2 a), a significant difference was 
not detected using ANOVA (p = 0.0742). On the other hand, non-DC patients showed signifi-
cantly larger ΔCq of miR-181a-5p than DC patients as well as control subjects in both para-
metric and nonparametric analyses (p = 0.0048 by ANOVA, p = 0.0349 and 0.0180 for DC vs. 
non-DC and control vs. non-DC by Tukey-Kramer test, respectively; p = 0.0032 by Kruskal-
Wallis tests, p = 0.0150 and p = 0.0038 for DC vs. non-DC and control vs. non-DC by Wilcoxon 
rank-sum test with Bonferroni correction, respectively;  fig. 2 b).

  Interassay Variation for Quantification of Serum miRNAs 
 Using sera from 19 HCC patients, we evaluated interassay variation for miR-181a-5p and 

miR-338-5p. For this propose, we compared the ΔCq based on the mean value of five reference 
miRNAs (shown in Materials and Methods) with those based on the mean of two reference 
miRNAs (miR-95-5p, miR-423-3p). The ΔCq from two assays was more correlated in miR-
181a-5p than in miR-338-5p (R 2  = 0.7804, p < 0.0001 for miR-181a-5p, and R 2  = 0.418, p = 
0.0068 for miR-339-5p by Pearson’s correlation coefficient;  fig. 3 ). In addition, the interassay 
%CV is smaller in miR-181a-5p than in miR-338-5p (%CV = 16.6 and 28.6% for miR-181a-5p 
and miR-338-5p, respectively), suggesting that miR-181a-5p is more suitable for the evalu-
ation of serum levels than miR-338-5p in a clinical setting.
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  Clinical Factors That Predict DC for Sorafenib Treatment 
 Before treatment, we studied clinical factors that were associated with DC. For this 

purpose, we categorized contentious variables of age, maximum tumor size, and number of 
tumor into two groups using their median values shown in  table 1 . Among the variables 
examined, BCLC stage, extrahepatic metastasis, DCP level before treatment, and the ΔCq of 
miR-181a-5p and miR-338-5p were significantly associated with DC at 3 months after 
sorafenib treatment (p = 0.0093 and 0.0173 for BCLC stage and extrahepatic metastasis by 
Pearson’s χ 2  test, respectively; p = 0.0135, 0.0146, and 0.0139 for DCP level, and ΔCq of miR-
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  Fig. 1.  Association between ΔCq of serum miRNAs and tumor response after the initiation of sorafenib. Dia-
mond and lines in the diamond indicate the means and 95% CIs of each subgroup; boxes and whiskers denote 
75 and 95% distributions, and the lines in the boxes show median values, respectively. Dashed lines in the 
each panel represent the mean value of all patients. p values between each group shown in the panels were 
calculated using Wilcoxon rank-sum test with Bonferroni correction.  a  ΔCq of serum miR-181a-5p among the 
patients who showed PR, SD, and PD at 1 month after the initiation of sorafenib. The difference was signifi-
cant between 3 groups by both ANOVA and Kruskal-Wallis tests [p = 0.0223, F(2, 52) = 4.12 by ANOVA and 
p = 0.0256 by Kruskal-Wallis tests, respectively].  b  ΔCq of serum miR-339-5p among the patients who 
showed PR, SD, and PD at 1 month after the initiation of sorafenib. The difference was significant between 3 
groups by both ANOVA and Kruskal-Wallis tests [p = 0.0244, F (2, 52) = 4.00 by ANOVA and p = 0.0133 by 
Kruskal-Wallis tests].  c  ΔCq of serum miR-181a-5p among the patients who showed PR, SD, and PD at 3 
months after the initiation of sorafenib. The difference was significant between 3 groups by both ANOVA and 
Kruskal-Wallis tests [p = 0.0333, F(2, 37) = 3.76 by ANOVA and p = 0.0271 by Kruskal-Wallis tests].  d  ΔCq of 
serum miR-339-5p among the patients who showed PR, SD, and PD at 3 months after the initiation of 
sorafenib. The difference was significant between 3 groups by both ANOVA and Kruskal-Wallis tests [p = 
0.0323, F (2, 37) = 3.79 by ANOVA and p = 0.0290 by Kruskal-Wallis tests]. 
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with Bonferroni correction.  a  ΔCq of serum miR-339-5p among the healthy control, patients with and with-
out DC at 3 months after the initiation of sorafenib. p = 0.0742, F (2, 60) = 2.72 by ANOVA and p = 0.0341 by 
Kruskal-Wallis tests, respectively.  b  ΔCq of serum miR-181a-5p among the healthy control and patients with 
and without DC at 3 months after the initiation of sorafenib. p = 0.0048, F (2, 60) = 5.87 by ANOVA and p = 
0.0032 by Kruskal-Wallis tests. In addition to the p values calculated using Wilcoxon rank-sum test with Bon-
ferroni correction (p = 0.0150 and 0.0038 for DC vs. non-DC and control vs. non-DC, respectively), the p val-
ues by post hoc Tukey-Kramer test are also shown in parentheses (p = 0.0349 and 0.0180 for DC vs. non-DC 
and control vs. non-DC, respectively). 
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  Fig. 3.  Interassay variation for quantification of serum miRNAs. The ΔCq values based on the mean value of 
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were compared. The dashed curves represent 95% confidence ellipse area.  a  Interassay variation for ΔCq of 
serum miR-181a-5p. R 2  = 0.418, p = 0.0068 by Pearson’s correlation coefficient.  b  Interassay variation for 
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181a-5p and miR-338-5p by Wilcoxon rank-sum test, respectively;  table 3 ). Since extrahe-
patic metastasis is a component of the BCLC staging system, we eliminated the extrahepatic 
metastasis variable and conducted multivariate analysis using BCLC stage, DCP level, and the 
ΔCq of miR-181a-5p and miR-338-5p as covariables; only BCLC stage was revealed as an inde-
pendent factor with borderline significance [p = 0.0475, odds ratio (OR) of BCLC-C/BCLC-A 
for DC 0.14, 95% confidence interval (CI) 0.02–0.94, and OR for BCLC-C/BCLC-B for DC 0.20, 
95% CI 0.04–0.93;  table 3 ]. As sorafenib is usually recommended in BCLC-C cases, and miR-
181a-5p should be more suitable for quantification than miR-338-5p in a real clinical setting 
because of the lower interassay variation, we further conducted multivariate analysis using 
extrahepatic metastasis, serum DCP and miR-181a-5p levels before the treatment among 

 Table 3.  Associations between characteristics before treatment and disease control after the initiation of 
sorafenib

Characteristics before
treatment

Patients with DC2 Patients without DC2 Univariate
p value3

 Multivariate4

p va lue OR (95% CI)

Age1

≤73 years 9 16 0.3839 – –
≥74 years 7 21

Sex
Male 13 32 0.6249 – –
Female 3 5

Virus
HBV 5 8 0.3039 – –
HCV 8 14
NBNC 3 15

Size1

<3.6 cm 7 19 0.6133 – –
>3.7 cm 9 18

Number of tumors1

<5 10 15 0.1415 – –
>6 6 22

BCLC stage 0.0093 0.0475
A 4 4
B 8 7
C 4 26
BCLC-B/A 0.7230 0.71 (0.10 – 4.68)5

BCLC-C/A 0.0430 0.14 (0.02 – 0.94)
BCLC-C/B 0.0387 0.20 (0.04 – 0.93)

Extrahepatic metastasis
Without 13 17 0.0173 – –
With 3 20

Portal vein thrombosis
Without 14 28 0.3298 – –
With 2 9

AFP level before
treatment, ng/ml 158 (16 – 1,527.25) 65 (7 – 5,367.5)

0.8691 –

DCP level before
treatment, mAU/ml 142.5 (27.25 – 1,785.25) 3,431 (178.5 – 17,700)

0.0135 0.9092 1 (1 – 1)

ΔCq of serum miR-181a-5p 2.65 (2.20 – 3.35) 3.42 (2.82 – 4.14) 0.0146 0.2864 0.63 (0.26 – 1.47)

ΔCq of serum miR-339-5p 4.92 (3.86 – 5.73) 5.74 (5.04 – 6.58) 0.0139 0.2378 0.70 (0.36 – 1.26)

 AFP = α-Fetoprotein. 1 Contentious variables of these factors are categorized using the median value shown in table 1. 2 Number of the 
patients of each group for categorical variables or median value (25th–75th percentiles) for contentious variables are shown. 3 p values by 
the χ2 test or Fisher’s exact test for categorical variables or the Wilcoxon rank-sum test for contentious variables are shown. 4 We applied 
multiple logistic regression analysis and calculated the p value and OR. Bold denotes p < 0.05. 5 p values and OR between two categories of 
BCLC stage.
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BCLC-C cases. The analysis revealed that the ΔCq of miR-181a-5p, representing the serum 
miRNA levels, was the only independent factor for predicting DC (p = 0.0092, OR for DC = 
0.139, 95% CI 0.011–0.658).

  Serum miR-181a-5p Level Predicts Survival after Sorafenib Treatment 
 Finally, we determined the serum ΔCq of miR-181a-5p before treatment that best 

reflected the DC at 3 months after initiation of sorafenib using receiver operating character-
istic analysis. A ΔCq cutoff value of 3.25 provides the best discrimination of DC cases from 
non-DC cases with a sensitivity of 0.7500 and 1 – specificity of 0.3243 (online suppl. fig. 2).

  Using the ΔCq cutoff value of 3.25, we classified the HCC patients into the high serum miR-
181a-5p and the low serum miR-181a-5 groups, and analyzed the survival after the initiation 
of sorafenib treatment using patient’s death as an endpoint. The univariate analysis revealed 
that OS was significantly longer in patients with a high serum miR-181a-5p level than in those 
with a low level among all 53 HCC cases as well as the 30 BCLC-C cases (p = 0.0038 and 0.0037 
for all the cases and the BCLC-C cases, respectively,  fig. 4 a, b). Among other clinical character-
istics, such as age, sex, maximum tumor size, number of tumors, presence of extrahepatic 
metastasis and portal vein thrombosis, number of tumors was also significantly associated 
with the duration of OS among the BCLC-C cases (p = 0.0194 by log-rank test, online suppl. 
table 2). We further conducted multivariate analysis using number of tumor (categorized as 
 ≤ 5 and  ≥ 6) and serum miR-181a-5p level as covariables and found that miR-181a-5p level 
was the independent factor for OS (p = 0.0194, hazard ratio 0.267, and 95% CI 0.070–0.818, 
online suppl. table 2).
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  Fig. 4.  Kaplan-Meier curve for OS after initiation of sorafenib treatment in serum miR-181a-5p high and low 
groups. The patients were categorized as the high serum miR-181a-5p and the low serum miR-181a-5p 
groups based on the ΔCq cutoff value of 3.25. The solid line shows the survival curve for the low serum miR-
181a-5p group and the dashed line for the high serum miR-181a-5p group. p values by log-rank test are 
shown.  a  Kaplan-Meier curve for all HCC patients. Among the 53 patients examined, 25 were classified as the 
high serum miR-181a-5p group (6 were censored cases) and 28 were members of the low serum miR-181a-
5p group (7 were censored). Median periods of OS (25th–75th percentile) were 489 days (272–849) for the 
high serum miR-181a-5p group and 198 days (111–336) for the low serum miR-181a-5p group.  b  Kaplan-
Meier curve among patients with BCLC-C HCC. Among the 30 HCC patients with BCLC-C tumor, 10 were clas-
sified as the high serum miR-181a-5p group (2 were censored cases) and 20 were members of the low serum 
miR-181a-5p group (5 were censored). Median periods of OS (25th-75th percentile) were 382 days (204–
489) for the high serum miR-181a-5p group and 164 days (80–279) for the low serum miR-181a-5p group. 
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  Discussion 

 Despite recent progress in the diagnosis and treatment of HCC, the prognosis of patients 
with advanced HCC is still unsatisfactory. Currently, sorafenib is the only systemic agent that 
shows improvement of progression-free and overall survival for advanced HCC patients with 
vascular invasion and extrahepatic spread, or in those who failed to respond to TACE  [2, 3] . 
Previously, we reported that DC after initiation of sorafenib is associated with improved OS 
in patients with advanced HCC  [6] . Therefore, prediction of the initial response to this 
molecular-targeting agent is critical for the management of HCC, the needs of which are still 
unmet. In this study, we addressed this important issue and showed serum miRNA profiles 
that are associated with DC after the initiation of sorafenib treatment.

  It is well described that miRNAs target several molecules that are critical for the devel-
opment and biological behavior of cancer including HCC. So far, a number of studies have 
shown the role of miRNAs in the pathogenesis of liver disease including HCC  [19] . Moreover, 
miRNAs detected in circulating blood are usually present within microvesicles such as 
exosomes  [20, 21] ; the circulating miRNAs could be markers of HCC progression  [22] . 
However, it is difficult to evaluate the serum miRNA profiles from cancer cells for several 
reasons. For example, serum miRNA levels may be affected by the degradation of noncan-
cerous cells, especially those derived from hematopoietic cells  [14] . In addition, as serum 
miRNAs should be in exosomes as well as apoptotic bodies, a certain type of miRNA could be 
overestimated in HCC cases with degradation and vascular invasion  [19] . Furthermore, serum 
miRNA levels are generally low, and the application of a universal internal control of miRNAs 
for quantification is controversial  [14] . To address these issues, we used a qPCR panel specially 
focused on detecting serum miRNAs that have been previously reported in the literature.  [18]  
For this PCR panel, we used LNA probes to provide enhanced sensitivity and specificity   of 
qPCR with five reference miRNAs serving as an internal control. We also used ideal monitors 
for several steps of the quantification procedure. Through the analysis of screening and vali-
dation, we found miR-181a-5p is the best candidate as a serum biomarker for predicting early 
response of sorafenib in HCC treatment.

  In this study, we applied the comparative cycle threshold methods for relative quantifi-
cation for evaluating serum miRNAs  [23] , and found that an increase in ΔCq was detected in 
HCC patients with non-DC compared to DC patients for miR-181a-5p and miR-338-5p. As ΔCq 
was calculated as a difference of Cq between target and control miRNAs (Cq of target 
subtracted by that of control), a larger ΔCq implies a lower level of serum miRNAs. Interest-
ingly, there is no statistical difference in the serum level of these miRNAs between HCC 
patients with DC and normal healthy controls; a significant decrease in serum levels was 
detected in HCC patients with non-DC for serum miR-181a-5p and miR-338-5p. In addition, 
a dose-dependent relationship was observed between serum miRNA levels and tumor 
responses, where the serum level was the highest in the PR and the lowest in the PD group, 
suggesting a biological role of serum miRNAs in tumor behavior; miR-181a-5p and miR-
338-5p in serum might provide a tumor-suppressive effect during sorafenib therapy. Cur-
rently, the role of miR-181a-5p and miR-338-5p in the pathogenesis of cancer is controversial. 
Previous reports suggest that the plasma level of miR-338-5p is higher in HCC patients than 
in healthy controls  [24] . On the other hand, the expression of pre-miR-338-5p induced a 
decrease in cell proliferation and cell cycle arrest in glioblastoma cells; miR-338-5p sensitizes 
tumors to radiation through regulation of genes involved in DNA damage response  [25] . Our 
result suggested that miR-338-5p might have a role in the induction of tumor response to 
sorafenib treatment, although the quantification of serum miR-338-5p is unstable compared 
to that of miR-181a-5p because of a lower level of the initial copy number. Regarding miR-
181a-5p, the overexpression in tumorous tissue was reportedly associated with shorter 

－89－



124Liver Cancer 2017;6:113–125

 DOI: 10.1159/000449475 

 Nishida et al.: MicroRNAs for the Prediction of Early Response to Sorafenib Treatment 
in Human Hepatocellular Carcinoma 

www.karger.com/lic
© 2016 S. Karger AG, Basel

survival in patients with ovarian cancer who underwent neoadjuvant chemotherapy  [26] . 
However, another report suggested that a reduction of serum miR-181a-5p   was observed in 
breast cancer patients  [27] . Recently, it was reported that miR-181a-5p inhibits cancer cell 
migration and angiogenesis through downregulation of matrix metalloproteinase-14 in 
aggressive human breast and colon cancers  [28] . More importantly, it has also been reported 
that miR-181a-5p, which directly targets c-Met, is downregulated in HCC and suppresses 
motility, invasion, and branching-morphogenesis; the loss of miR-181a-5p expression led to 
the activation of c-Met-mediated oncogenic signaling in hepatocarcinogenesis  [29] . A recent 
study suggested that c-Met could activate p38α mitogen-activated protein kinase, which 
could be a molecule involved in the escape pathway of sorafenib-resistance  [30] . Taken 
together, it is conceivable that miR-181a-5p acts as a tumor suppressor in HCC, and its 
expression might have a synergic antitumor effect with the multikinase inhibitor. Further 
study is required to understand the role of miR-181a-5p in HCC pathogenesis and chemore-
sistance.

  As mentioned before, we have reported that DC after the initiation of sorafenib is asso-
ciated with improved OS in patients with advanced HCC  [6] ; the presented data also show that 
high serum miR-181a-5p levels are associated with both high DCR and long OS in patients 
with BCLC-C HCC, although the data might be biased because of the nature of retrospective 
analyses. Therefore, analyzing a miR-181a-5p level should be informative for initiating 
sorafenib treatment in HCC with advanced stage.

  Although we screened candidate miRNAs for predicting DC in sorafenib treatment using 
a serum secreted miRNA panel and confirmed the relationships with validation cohort, the 
limitation of this study is mainly attributed to the relatively small size of the sample. Therefore, 
the results of this study should be reevaluated using a larger cohort. Further study will allow 
us to understand the predictive value of serum miRNAs in the tumor behavior during sorafenib 
therapy.
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Commentary
In 1896, Lambert reported the first case of a hepatic abscess secondary to foreign body perforation. Since then, several
cases of foreign bodies causing adverse events have been described. Fish bones are the leading ingested foreign bodies
in areas where fish consumption is highly prevalent. Most of them pass uneventfully within 1 week, with only 10% to 20%
causing intraluminal injury. As with this particular person, many patients have no memory of foreign body ingestion, nor do
they remember once the diagnosis is made, so the bones may remain undetected. Although most accidentally ingested
fish bones migrate distally inside the lumen, they may also remain embedded inside the thick gastric wall without full
perforation and may result in abscess or granuloma formation. When the location and nature of a fish bone is being deter-
mined, plain radiography has a sensitivity of 32% because of the radiolucent character of the bones. EUS is a valuable tool;
previous studies have shown that it leads to the diagnosis in 74% of cases and changes management in 57% of cases. The
available endoscopic tools for removal of foreign bodies include forceps, balloon extraction, bougienage, and magnetic
extraction. In 2011, Seo et al reported the first case of ESD for endoscopic removal of impacted magnets. That procedure
had also been previously used once for definitive diagnosis and management of toothpick ingestion. This case encourages
endoscopists to consider emerging procedures, such as ESD, as an alternative for difficult cases such as embedded foreign
bodies. A fish-bone granuloma should be kept in mind when a submucosal mass is found in the GI tract.

Katherine Mejía, MD
Universidad de los Andes, Bogotá, Columbia

Massimo Raimondo, MD
Associate Editor for Focal Points

Stent migration into the abdominal cavity after EUS-guided
hepaticogastrostomy

A 73-year-old man had advanced multifocal hepatocellu-
lar carcinoma and had undergone endoscopic transpapil-
lary bilateral metal stenting for hilar biliary obstruction.
He was readmitted because of the recurrence of obstruc-
tive jaundice. Repeated ERCP was attempted; however,
drainage of the left side was unsuccessful. Hence, we per-
formed EUS-guided hepaticogastrostomy. A 4-mm left in-
trahepatic bile duct was punctured with a 19-gauge
needle, and a 0.025-inch guidewire was inserted. The fis-
tula was dilated with a tapered-tip ERCP catheter; subse-
quently, a covered metal stent (Niti-S Biliary Cover Stent,
6 � 80 mm; Taewoong Medical, Seoul, Korea) was de-
ployed (A). On the day after the procedure, the patient
had 2 episodes of vomiting. CT revealed that the proximal
end of the stent was buried in the gastric wall (B). Emer-
gent gastroscopy confirmed stent migration from the
gastric lumen (C). A laparotomy was immediately per-
formed. The migrated stent could be seen in the abdom-
inal cavity (D). The stent was reinserted through the
fistula into the gastric lumen and was sutured to prevent
migration. After surgery, the jaundice resolved. The patient
died 142 days after the procedure as a result of progression

of his underlying liver disease. However, he was free of
obstructive jaundice until death.
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Commentary
ERCP is the standard drainage technique for biliary obstruction. Although it has a success rate of >90%, it can fail as a result
of anatomic difficulties such as surgically altered anatomy, gastric and duodenal obstruction, periampullary diverticula, and
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tumor infiltration. This case clearly portrays the latter condition. When failure occurs, percutaneous transhepatic biliary
drainage (PTBD) and surgery are considered as alternative interventions. However, these are associated with major adverse
events in 4% to 25% of cases, negatively affecting the patient’s quality of life. In 2001, the first case of EUS-guided biliary
drainage was reported. Since then, major advances have been made, and 3 different approaches have been developed: (1)
EUS-guided transluminal biliary drainage, (2) the EUS rendezvous technique, and (3) the EUS antegrade approach. This is a
nice case describing the first method. According to a meta-analysis conducted by Khan et al, EUS-guided biliary drainage
has a success rate of 90% and an adverse events rate of 17%. The reported adverse events of this technique include stent
migration, bleeding, pneumoperitoneum, bile peritonitis, and acute cholangitis. Stent migration is a serious event, espe-
cially early after the procedure. To address it, Ogura et al recently evaluated the factors related to stent dysfunction.
The study revealed that a stent length �3 cm in the luminal portion can prevent stent migration after its deployment.
Furthermore, longer luminal length is related to decreased stent impaction and gastrobiliary reflux, leading to long-
term stent patency. This adverse event would probably have been prevented if a longer stent had been used. Observa-
tional studies comparing traditional approaches, including PTBD and surgery, versus EUS-guided biliary drainage have
shown that both techniques have equal technical success and adverse events profile. However, the development of
specially designed stents and assessment of the technique are mandatory for generalization of this endoscopic approach.
In this particular situation, it was the appropriate tool for successful resolution of obstructive jaundice, especially in a pa-
tient with an infiltrating tumor. This case shows how important it is to consider emerging endoscopic techniques to accom-
plish never-imagined solutions.

Katherine Mejía, MD
Universidad de los Andes, Bogotá, Columbia

Massimo Raimondo, MD
Associate Editor for Focal Points

264 GASTROINTESTINAL ENDOSCOPY Volume 85, No. 1 : 2017 www.giejournal.org

At the Focal Point

－93－



EWALT 2015 Conference Proceedings: Editorial

Immune Checkpoint Blockade in  
Hepatocellular Carcinoma: 2017 Update

Introduction

The immune checkpoint molecule programmed cell death 1 (PD-1) was discovered in 
1992 by Professor Tasuku Honjo and his research team at Kyoto University [1]. They lat-
er discovered that PD-1 is involved in immunosuppression and is a receptor that acts as 
a “brake” for the immune response in knockout mice. In 2000, a joint research project be-
tween the Honjo group at Kyoto University and the Genetics Institute together with Harvard 
University discovered the ligands of PD-1 (PD-L1 and PD-L2) [2–5]. In 2002, Iwai et al. [6] 
found that enhancing immune activation by inhibiting the binding of PD-1 to its ligands in 
mouse models markedly enhanced antitumor activity. In 2005, Ono Pharmaceutical and the 
American company Medarex took note of these findings and developed nivolumab, a human 
anti-PD-1 antibody. That same year, the U.S. Food and Drug Administration (FDA) recognized 
nivolumab as an investigational new drug, thereby enabling clinical trials to be started in 
the United States. In 2009, Bristol-Myers Squibb and Ono Pharmaceutical (BMS/ONO) be-
gan joint clinical trials of nivolumab. The results of clinical trials in patients with melanoma 
led to the approval of an anti-PD-1 antibody for the treatment of melanoma in Japan in July 
2014, before any other country in the world. Nivolumab has also been evaluated in a series 
of clinical trials for non-small cell lung cancer and renal cell carcinoma and has yielded favor-
able outcomes.

In 1995, Dr. James Allison of the University of Texas discovered that another molecule, 
called cytotoxic T-lymphocyte-associated antigen (CTLA-4) [7], serves as an indicator of 
immune cell suppression [7]. In 1996, his team showed that tumors disappeared in mice 
treated with an antibody that inhibits the function of CTLA-4 [8]. CTLA-4 is also an immune 
checkpoint molecule. Bristol-Myers developed an anti-CTLA-4 antibody called ipilimumab, 
which was approved for the treatment of melanoma in the United States in March 2011 and 
in Europe in July 2011 [9]. It was later approved in Japan in July 2015.

When cancer cells develop, antigen-presenting cells (APCs) recognize tumor-associated 
antigens (TAAs), triggering in the lymph nodes the activation of immature T cells that will 
become CD8-positive T cells (the priming phase). Once activated, the T cells travel through-
out the bloodstream and reach the tumor site. There, they attempt to attack tumor cells by 
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releasing molecules such as perforin and granzymes (the effector phase) (fig 1) [10]. More-
over, recognition of TAAs by T cell receptors (TCR) triggers the release of interferon gamma 
(IFN-γ) and other cytokines by CD8-positive T cells in an attempt to attack the cancer. How-
ever, tumor cells protect themselves by expressing IFN-γ induced PD-L1 or PD-L2, which 
binds to PD-1. When this happens, PD-1/PD-L1 binding attenuate the antitumor immune re-
sponse, thereby weakening the attacking power of the T cells. This is called immune escape 
or immune tolerance (fig. 2). The anti-PD-1 antibody blocks PD-1 on activated T cells from 
binding to PD-L1 or PD-L2 on APCs or tumor cells. This removes the “brake” on the immune 
system and restores the ability of T cells to attack tumor cells (fig. 3). Unlike conventional 
chemotherapy or molecular targeted therapy, anti-PD-1 antibody achieves its antitumor ef-
fect by restoring the original potential of the natural human immune system as a powerful 
and precise weapon against cancer cells [11–22]. Antibodies against PD-L1 expression in 
the cancer tissue are believed to have a similar effect [23]. The recognition of “immuno-on-
cology” using immune checkpoint inhibitors was considered the “Breakthrough of the Year” 
by the American journal Science in 2013, and immuno-oncology has been widely publicized. 
PD-L1 also serves as a biomarker that predicts the response to anti-PD-1 antibody [24]. In 
addition, Kupffer-phase Sonazoid contrast-enhanced ultrasonography is an effective imag-
ing method for predicting the response to treatment with anti-PD-1 antibody [25].

Development of Immune Checkpoint Inhibitors for Hepatocellular Carcinoma 
(HCC)

Promising results from an interim analysis of a phase I/II trial of the anti-PD-1 anti-
body nivolumab (CheckMate-040 trial dose-escalation cohort) were presented at the 2015 
American Society of Clinical Oncology (ASCO) Annual Meeting held in Chicago [26, 27]. This 

Fig. 1.  The cancer–immunity cycle. The generation of immunity to cancer is a cyclic process that leads to 
an accumulation of immune-stimulatory factors. This cycle can be divided into seven major steps, starting 
with the release of antigens from cancer cells and ending with the killing of cancer cells. CTLs=cytotoxic 
T lymphocytes. Reproduced with permission from Chen DS, et al. [10]
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dose-escalation study demonstrated the safety of nivolumab at doses of 3 mg/kg and 10 mg/
kg in HCC patients with hepatitis C virus (HCV) infection, patients with hepatitis B virus (HBV) 
infection, and uninfected patients. The interim results of the dose-escalation study also dem-
onstrated the efficacy of nivolumab at doses ranging from 0.1 to 10 mg/kg. Of the 47 patients 
included in the study, 33 (70%) had extrahepatic metastasis, 6 (13%) had vascular invasion, 
and 32 (68%) had previously been treated with sorafenib, i.e., the study population had rela-
tively advanced cancer. Patients were treated with anti-PD-1 antibody, and an interim analysis 
was performed on March 12, 2015. At that point, 17 patients were still receiving treatment 
and 30 had completed or discontinued treatment. The reasons for discontinuation were dis-
ease progression in 26 patients, complete response (CR) in two patients, and adverse events 
in two patients. The adverse events leading to discontinuation were increased bilirubin (n=1) 
and an event unrelated to the study drug (n=1). The only grade 4 event (graded using the 
Common Terminology Criteria for Adverse Events) was increased lipase, and the only grade 
3 events were elevated aspartate aminotransferase (AST) levels in five patients (11%) and el-
evated alanine aminotransferase (ALT) levels in four patients (9%). No serious liver dysfunc-
tion or autoimmune disease was reported.

The response rate was 19% (n=8), including the two CRs (5%). The disease control rate 
(DCR) was also very favorable: 67% of patients (n=28) maintained stable disease (SD) or bet-
ter, whereas only 33% (n=14) developed progressive disease (PD).

Waterfall plots showed that the tumor size decreased to some extent in all cohorts (i.e., un-
infected, HBV-infected, and HCV-infected HCC patients). The durability of treatment respons-
es is particularly noteworthy. The two patients who had a CR achieved it within 3 months and 
maintained it for 18 months. Another patient who showed a partial response (PR) (almost a 
CR in fact) showed SD at approximately 11 months while the PR occurred at approximately 
13 months. A durable response was achieved in all patients with a PR or SD, and no patient 
developed PD because of resistance. In summary, treatment of liver cancer with anti-PD-1 
antibody yielded a durable response comparable to that achieved in other types of cancer. 
This property is highly characteristic of immune checkpoint inhibitors and merits attention. 
The two patients who had a CR achieved it within 3 months and maintained the response for 
18 months or longer, even after discontinuing the anti-PD-1 antibody a few months after the 

Fig. 2.  Immune checkpoint molecule: PD-1, PD-L1, CTLA-4. Immune checkpoint molecules such as PD-1, 
PD-L1, and CTLA-4 play an important role in the immune escape of cancer cells from activated CD8-
positive T cells. MHC=major histocompatibility complex; IFNγR=interferon gamma receptor. 
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CR. Almost all patients who showed a PR achieved it within 3 months of treatment. One of 
the cases presented at ASCO 2015 was a patient with countless bilobar HCCs, all of which 
resolved completely after 6 weeks; this was accompanied by a decrease in alpha-fetoprotein 
from 21,000 to 283 ng/ml. Another patient showed a decrease in tumor size from 10 cm to 
about 2 cm after 48 weeks, which demonstrates the durability of the response. The overall 
12-month survival rate was a favorable 62%, which is a very promising outcome considering 
the unfavorable tumor characteristics of the study population.

The interim results of this trial can be summarized in three points: First, monotherapy 
with the anti-PD-1 antibody nivolumab has a favorable safety profile for HCC that is com-
parable with its safety profile for the treatment of other types of cancer. Second, nivolumab 
can be used safely in patients infected with HBV or HCV. Third, immunotherapy yields both a 
very high response rate and a durable response. This long-lasting effect was observed at all 
dose levels and in all cohorts (uninfected, HBV-infected, and HCV-infected).

The team conducting this phase I/II trial designed an expansion study using a fixed dose 
of 3 mg/kg of nivolumab in three cohorts as follows: patients with no HBV or HCV infection 
who were sorafenib-naïve (n=50) or who had developed PD after treatment with sorafenib 
(n=50); HCV-infected patients (n=50); and HBV-infected patients (n=50). The results of the 
expansion study and the final results from the dose-escalation study were presented at ASCO 
2016.

Clinical Trials in Progress

According to the results presented at ASCO 2016, 35 of the 214 patients (16%) in the 
expansion cohort (CheckMate-040 cohort 2) had a tumor response [28] (table 1). The re-
sponse rate was 20% for uninfected sorafenib-naïve or sorafenib-intolerant HCC patients, 
19% for uninfected sorafenib-treated patients with PD, 14% for HCV-infected patients, and 
12% for HBV-infected patients. The 9-month survival rate was a favorable 70.8%. Grade 3-4 
adverse events of elevated AST and ALT levels were observed in this expansion cohort at low 

Fig. 3.  Immune checkpoint blockade: anti-PD-1, anti-PD-L1, and anti CTLA-4 antibody. Anti-PD-1, anti-
PD-L1, and anti-CTLA-4 antibodies restore cytotoxic T cell activity, resulting in tumor attack by perforin 
and granzyme.
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rates of 6% (13/139) and 7% (15/139), respectively (table 2). Considering that 66% of the 
214 patients had been previously treated with sorafenib, and a high percentage of patients 
had advanced cancer, a 9-month survival rate of 70.8% is an excellent result (tables 3, 4).

The results of additional analysis of the dose-escalation cohort of 48 patients (Check-
Mate-040 cohort 1) showed a tumor response in seven patients (15%); the response rate was 
13% in the uninfected group, 30% in the HCV-infected group, and 7% in the HBV-infected 
group [29] (tables 5–7).

The team conducting this phase I/II trial in addition to cohort 1 and 2, a randomized con-
trolled study comparing nivolumab with sorafenib (cohort 3), a study of combination therapy 

Table 1.  CheckMate 040 dose-expansion cohort (n=214) investigator-assessed best overall response 
(RECIST v1.1)

Uninfected: 
sorafenib naïve/ 
intolerant 
(n=54)

Uninfected: 
sorafenib 
progressors 
(n=58)

HCV 
(n=51)

HBV 
(n=51)

Total 
(n=214)

Objective response, 
n (%)

11 (20) 11 (19) 7 (14) 6 (12) 35 (16)

CR 0 2 (3) 0 0 2 (1)
PR 11 (20) 9 (16) 7 (14) 6 (12) 33 (15)
SD 32 (59) 27 (47) 29 (57) 23 (45) 111 (52)
PD 11 (20) 18 (31) 12 (24) 22 (43) 63 (29)
Not evaluable 0 2 (3) 3 (6) 0 5 (2)

RECIST=response evaluation criteria in solid tumors. Reproduced with permission from Sangro B, et 
al. [28]

Table 2.  CheckMate 040 dose-expansion cohort (n=214) treatment-related adverse events (TRAEs)

Uninfected 
(n=112)

HCV 
(n=51)

HBV 
(n=51)

Total 
(n=214)

Any 
grade

Grade  
3-4

Any 
grade

Grade  
3-4

Any 
grade

Grade  
3-4

Any 
grade

Grade  
3-4

Patients with any TRAE, n 
(%)

72 (64) 21 (19) 37 (73) 15 (29) 30 (59) 3 (6) 139 (65) 39 (18)

Symptomatic TRAEs reported in >4% of all patients
Fatigue 31 (28) 2 (2) 7 (14) 0 7 (14) 0 45 (21) 2 (1)
Pruritus 11 (10) 0 11 (22) 0 11 (22) 0 33 (15) 0
Rash 12 (11) 1 (1) 8 (16) 0 6 (12) 0 26 (12) 1 (0.5)
Diarrhea 16 (14) 2 (2) 3 (6) 0 1 (2) 1 (2) 20 (9) 3 (1)
Nausea 8 (7) 0 6 (12) 0 0 0 14 (7) 0
Decreased appetite 5 (5) 0 2 (4) 0 3 (6) 0 10 (5) 0
Dry mouth 5 (4) 0 1 (2) 0 2 (4) 0 8 (4) 0
Laboratory-value TRAEs reported in >4% of all patients
ALT increased 6 (5) 2 (2) 7 (14) 4 (8) 2 (4) 0 15 (7) 6 (3)
AST increased 7 (6) 3 (3) 6 (12) 6 (12) 0 0 13 (6) 9 (4)
Platelet count decreased 4 (4) 1 (1) 3 (6) 2 (4) 5 (10) 1 (2) 8 (4) 3 (1)
Anemia 2 (2) 0 3 (6) 1 (2) 3 (6) 0 8 (4) 1 (0.5)

Reproduced with permission from Sangro B, et al. [28]
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with the anti-CTLA-4 antibody ipilimumab (cohort 4), and a study of nivolumab in Child-
Pugh B patients (cohort 5).

Other ongoing trials include the dose-expansion study (cohort 2), a phase III trial com-
paring first-line nivolumab (anti-PD-L1 antibody) with sorafenib, a phase III trial of pem-
brolizumab as second-line therapy after sorafenib failure, and a phase II trial of combination 
therapy with the anti-PD-L1 antibody durvalumab and the anti-CTLA-4 antibody tremelim-
umab (table 8). The results of a clinical trial of an anti-CTLA-4 antibody for the treatment of 
HCC were published in the Journal of Hepatology in 2013. However, the anti-CTLA-4 antibody 

Table 3.  CheckMate 040 dose-expansion cohort (n=214) baseline patient characteristics and prior treat-
ment history

Uninfected: 
sorafenib naïve/
intolerant  
(n=54)

Uninfected: 
sorafenib  
progressors  
(n=58)

HCV 
(n=51)

HBV 
(n=51)

Total 
(n=214)

Median age (range), years 66 (20–83) 65 (19–80) 65 (53–81) 55 (22–81) 64 (19–83)
Male, n (%) 46 (85) 43 (74) 43 (84) 39 (77) 171 (80)
Ethnicity, n (%) 
 White 
 Black/African American 
 Asian 
 Other

36 (67) 
1 (2) 
16 (30) 
1 (2)

35 (60) 
1 (2) 
22 (38) 
0

30 (59) 
2 (4) 
18 (35) 
1 (2)

4 (8) 
2 (4) 
45 (88) 
0

105 (49) 
6 (3) 
101 (47) 
2 (1)

Extrahepatic metastases,  
n (%) 42 (78) 43 (74) 30 (59) 46 (90) 161 (75)

Vascular invasion, n (%) 1 (2) 3 (5) 5 (10) 6 (12) 15 (7)
Child–Pugh score, n (%) 
 5 
 6 
 7 
 9

41 (76) 
12 (22) 
1 (2) 
0

38 (66) 
20 (34) 
0 
0

27 (53) 
21 (41) 
2 (4) 
1 (2)

44 (86) 
7 (14) 
0 
0

150 (70) 
60 (28) 
3 (1) 
1 (0.5)

α-Fetoprotein >200 µg/L, 
 n (%) 15 (28) 26 (45) 18 (35) 27 (53) 86 (40)

Prior treatment type, n (%) 
 Surgical resection 
 Radiotherapy 
 Local treatment for HCC 
 Systemic therapy 
  Sorafenib

29 (54) 
7 (13) 
25 (46) 
22 (41) 
15 (28)

37 (64) 
17 (29) 
33 (57) 
57 (98) 
56 (97)

19 (37) 
5 (10) 
29 (57) 
32 (63) 
30 (59)

40 (78) 
12 (24) 
40 (78) 
46 (90) 
40 (78)

125 (58) 
41 (19) 
127 (59) 
157 (73) 
141 (66)

Reproduced with permission from Sangro B, et al. [28]

Table 4.  CheckMate 040 dose-expansion cohort (n=214) overall survival rates

Survival rate, 
%(95% Cl)a

Uninfected: 
sorafenib 
naïve/ 
intolerant 
(n=54)

Uninfected: 
sorafenib 
progressors 
(n=58)

HCV 
(n=51)

HBV 
(n=51)

Total 
(n=214)

6-Month 89.8 (77.1, 95.6) 75.6 (61.5, 85.2) 82.1 (61.3, 92.4) 83.3 (67.6, 91.8) 82.5 (75.8, 87.5)
9-Month 79.8 (50.6, 92.8) NC NC NC 70.8 (56.6, 81.1)

aEstimated using the Kaplan–Meier method. Cl=confidence interval; NC=not calculated. Reproduced 
with permission from Sangro B, et al. [28]
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Table 5.  CheckMate 040 dose-escalation cohort (n=48) baseline patient characteristics and prior treat-
ment history

Uninfected 
(n=23)

HCV 
(n=10)

HBV 
(n=15)

Total 
(n=48)

Median age (range), years 
≥65 years, n (%)

61 (22–79) 
8 (35)

67 (55–83) 
6 (60)

62 (41–75) 
6 (40)

62 (22–83) 
20 (42)

Male, n (%) 17 (74) 6 (60) 13 (87) 36 (75)
Ethnicity, n (%)
 White 19 (83) 8 (80) 1 (7) 28 (58)
 Asian 2 (9) 2 (17) 14 (88) 18 (38)
 Black 2 (9) 0 0 2 (4)
Extrahepatic metastases, n (%) 18 (78) 6 (60) 13 (87) 37 (77)
Vascular invasion, n (%) 3 (13) 1 (10) 2 (13) 6 (13)
Child–Pugh score, n (%)
 5 19 (83) 8 (80) 14 (93) 41 (85)
 6 4 (17) 2 (20) 1 (7) 7 (15)
α-Fetoprotein >200 µg/L, n (%) a 8 (35) 3 (30) 8 (53) 19 (40)
Prior treatment type, n (%)
 Surgical resection 15 (65) 8 (80) 13 (87) 36 (75)
 Radiotherapy b (external or internal) 6 (26) 2 (20) 2 (13) 10 (21)
 Local treatment for HCC c 11 (48) 8 (80) 12 (80) 31 (65)
 Systemic therapy 18 (78) 6 (60) 15 (100) 39 (81)
  Sorafenib 16 (70) 5 (50) 14 (93) 35 (73)

aBaseline α-fetoprotein values were missing for one uninfected patient; bCould include radioemboliza-
tion; cTACE, RFA, or percutaneous ethanol injection. Reproduced with permission from El-Khoueiry AB, 
et al. [29]

Table 6.  CheckMate 040 dose-escalation cohort (n=48) TRAE

Total (n=48)
Any grade Grade 3-4

Patients with any TRAE, n (%) 38 (79) 12 (25)
Symptomatic TRAEs reported in >5% of all patients, n (%) 
Rash 
Pruritus 
Diarrhea 
Asthenia 
Decreased appetite 
Dry mouth 
Fatigue

11 (23) 
7 (15) 
4 (8) 
3 (6) 
3 (6) 
3 (6) 
3 (6)

0 
0 
0 
0 
0 
0 
1 (2)

Laboratory-value TRAEs reported in >5% of all patients, n (%) 
AST increased 
Lipase increased 
Amylase increased 
ALT increased 
Anemia 
Hypoalbuminemia 
Hyponatremia

10 (21) 
10 (21) 
9 (19) 
7 (15) 
3 (6) 
3 (6) 
3 (6)

5 (10) 
6 (13) 
1 (2) 
3 (6) 
1 (2) 
0 
0

Reproduced with permission from El-Khoueiry AB, et al. [29]
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was associated with a slightly higher rate of adverse events than the anti-PD-1 antibody [30] 
(table 9).

Future Perspectives

The previously described interim analysis results from the phase I/II trial for HCC (dose-
expansion cohort) that were presented at ASCO 2016 involved monotherapy with anti-PD-1 
antibody. The anti-PD-1 antibody nivolumab has been approved for certain malignancies, 
including melanoma, non-small-cell lung cancer, and kidney cancer, and is expected to yield 
favorable outcomes in ongoing trials for many other types of cancer [31–36]. HCC requires 
different treatment strategies compared with other solid tumors or hematologic malignan-
cies because it is extremely heterogeneous, does not have any major driver mutations, and 
cannot be treated with drugs that reduce hepatic functional reserve. The outcomes of this 
phase I/II dose-expansion trial indicate that the anti-PD-1 antibody is a promising treatment 
for HCC.

Additionally, as mentioned in the previous section, many pharmaceutical companies 
have started phase III trials and other early phase clinical trials of anti-PD-1/PD-L1 antibody 
for the treatment of HCC, the results of which are eagerly awaited.

There are unmet needs in HCC management in various settings, including neoadjuvant 
or adjuvant therapy with resection or ablation, combination of anti-PD-1 antibody with 
transcatheter arterial chemoembolization (TACE) [37, 38], and first- and second-line treat-
ment. The immune checkpoint-inhibiting anti-PD-1, anti-PD-L1, and anti-CTLA-4 antibodies 
may prove useful for adjuvant therapy or combination therapy in all these settings. Immune 
checkpoint inhibitors could be particularly effective for the treatment of inflammation in-
duced by TACE or radiofrequency ablation (RFA) [39, 40], which releases highly antigenic 
neoantigens into the bloodstream. A clinical trial of adjuvant therapy with anti-CTLA-4 anti-
body after TACE and RFA is currently underway (table 9). The results of the interim analysis 
for that trial were presented at ASCO 2016. Adjuvant therapy with anti-CTLA-4 antibody 
after non-curative RFA or TACE caused an increase in CD3-positive and CD8-positive cells, 
even for untreated nodules [41].

A most promising topic in this area is the combination of these antibodies (anti-PD-1/
PD-L1 antibodies) with other drugs. Potential drug combinations include anti-CTLA4 anti-
bodies (ipilimumab and tremelimumab) and molecular targeted drugs (sorafenib and oth-

Table 7.  CheckMate 040 dose-escalation cohort (n=48) investigator-assessed best overall response (RE-
CIST v1.1)

Uninfected 
(n=23)

HCV 
(n=10)

HBV 
(n=15)

Total 
(n=48)

Objective response, n (%) 3 (13) 3 (30) 1 (7) 7 (15)
 CR 2 (9) 1 (10) 0 3 (6)
 PR 1 (4) 2 (20) 1 (7) 4 (8)
 SD 13 (57) 5 (50) 6 (40) 24 (50)
 PD 6 (26) 2 (20) 7 (47) 15 (31)
 Not evaluable 1 (4) 0 1 (7) 2 (4)
Ongoing response, n (%) 1 (33) 0 0 1 (14)

Reproduced with permission from El-Khoueiry AB, et al. [29]
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ers). The combination of nivolumab and ipilimumab has yielded treatment outcomes supe-
rior to those of monotherapy with either drug in melanoma [31, 42].

Rapid advances in the field of immunotherapy have been made in other types of cancer. 
The FDA designated nivolumab as a breakthrough therapy in September 2014, and later did 
the same for pembrolizumab. This raised hopes that anti-PD-1 and anti-PD-L1 antibodies 
will be approved for the treatment of HCC in the near future. The outcomes of liver cancer 
treatment strategies are widely expected to improve through the application of multidrug 
and locoregional therapies centered on immune checkpoint inhibitors. The field is in the 
middle of a paradigm shift in not only systemic therapy, but also comprehensive treatment 
strategies, including locoregional therapy for liver cancer.

Conclusion

Having advanced through the first stage of chemotherapy centered on cytotoxic agents 
and the second stage of chemotherapy centered on molecular targeted therapies, we are 
now poised to enter a third stage of cancer treatment strategies centered on immune check-
point inhibitors. These strategies promise to become an essential element in cancer treat-
ment, and advances in this area will bring the paradigm shift in cancer treatment.
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 Molecular Targeted Agents for 
Hepatocellular Carcinoma: Current 
Status and Future Perspectives 
  

 Introduction 

 Locoregional therapy is the primary treatment for hepatocellular carcinoma (HCC). 
Sorafenib was approved as a first-line systemic therapy for advanced HCC with associated 
extrahepatic spread and/or vascular invasion in 2007. However, there are several limitations 
associated with sorafenib therapy. To overcome these problems, various clinical trials have 
been conducted to develop additional molecular targeted agents for HCC. However, all of the 
clinical trials conducted thus far, except for a recent trial using regorafenib, have been un-
successful, emphasizing the difficulties associated with drug development for HCC. In this 
editorial, we review the current status and future prospects of molecular targeted agents that 
are being developed for HCC.

  Sorafenib 

 The multikinase inhibitor sorafenib was the first oral molecular targeted agent to show 
a survival benefit in patients with HCC  [1, 2] . In Japan, sorafenib was approved for national 
health insurance coverage in May 2009, and it has since been administered to more than 
26,000 patients.
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  Current Status of the Development of Molecular Targeted Agents 

 Clinical trials are being conducted to develop molecular targeted agents for various 
stages of liver cancer, including the following: early-stage HCC, in which surgical resection or 
radiofrequency ablation is indicated; intermediate-stage HCC, in which transcatheter arterial 
chemoembolization (TACE) is indicated; and advanced-stage HCC, in which sorafenib is indi-
cated.

  Early-Stage HCC 
 The Sorafenib as Adjuvant Treatment in the Prevention of Recurrence of Hepatocellular 

Carcinoma (STORM) study, in which sorafenib was used to suppress HCC recurrence after 
curative therapy, revealed no difference in recurrence-free survival between the sorafenib 
and placebo groups, demonstrating that sorafenib was not efficacious at suppressing recur-
rence  [3] .

  Peretinoin, an orally administered acyclic retinoid agent, is structurally similar to vitamin 
A and functions as a transcription activator and an inducer of differentiation. It is thought to 
remove precancerous HCC cells by inducing apoptosis and to inhibit carcinogenesis by 
promoting differentiation. A phase II/III study was launched to investigate the ability of 
peretinoin to suppress HCC recurrence, but the efficacy of peretinoin could not be evaluated 
due to problems with dosing  [4] . A follow-up phase III trial has been initiated now that the 
dosing problems have been addressed ( Table 1 ).

 Table 1. Phase III clinical trials for HCC

Target population Design Trial name Presentation Publication

Early Adjuvant
(prevention of 
recurrence)

1. Peretinoin vs. placeboa

2. Sorafenib vs. placeboa

3. Peretinoin vs. placebo

NIK-333
STORM
NIK-333/K-333

ASCO 2010
ASCO 2014
Ongoing

JG 2014
Lancet-O 2015

Intermediate Improvement of 
TACE

1. TACE +/– sorafeniba

2. TACE +/– brivaniba

3. TACE +/– orantiniba

Post-TACE
BRISK-TA
ORIENTAL

ASCO-GI 2010
ILCA 2013
EASL 2015

EJC 2011
Hepatol 2014

Advanced First line 1. Sorafenib vs. sunitiniba

2. Sorafenib vs. brivaniba

3. Sorafenib vs. linifaniba

4. Sorafenib +/– HAICa

5. Sorafenib vs. lenvatinib
6. Sorafenib vs. nivolumab

SUN1170
BRISK-FL
LiGHT
SILIUS
REFLECT
CheckMate 459

ASCO 2011
AASLD 2012
ASCO-GI 2013
EASL 2016
Ongoing
Ongoing

JCO 2013
JCO 2013
JCO 2015

Second line 1. Brivanib  vs. placeboa

2. Everolimus vs. placeboa

3. Ramucirumab vs. placeboa

4. S-1 vs. placeboa

5. Regorafenib vs. placebob

6. Tivantinib vs. placebo
7. Ramucirumab vs. placebo
8. Pembrolizumab vs. placebo

BRISK-PS
EVOLVE-1
REACH
S-CUBE
RESORCE
JET-HCC
REACH-2
KEYNOTE-240

EASL 2012
ASCO-GI 2014
ESMO 2014
ASCO 2015
WCGI 2016
Ongoing
Ongoing
Ongoing

JCO 2013
JAMA 2014
Lancet-O 2015

 HAIC, hepatic arterial infusion chemotherapy. a RCT halted or with negative results. b RCT with positive results.
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  Intermediate-Stage HCC 
 Residual tumor and tumor recurrence are inevitable after TACE, because it is not a 

curative therapy. Since TACE can itself induce angiogenesis, the use of antiangiogenic agents 
after TACE greatly suppresses tumor recurrence and regrowth, and may even extend the 
duration of tumor suppression by TACE. This allows TACE to be performed less frequently, 
enabling preservation of liver function. Globally, many clinical trials have investigated the 
efficacy of sorafenib as a post-TACE adjuvant therapy. A study in Japan and Korea investigated 
time to progression (TTP) in patients treated with sorafenib after TACE but found that 
sorafenib did not prolong TTP in these patients  [5] .

  In the SPACE study, a phase II study of sorafenib or placebo in combination with TACE with 
doxorubicin drug-eluting beads  [6] , the primary endpoint of TTP was achieved; however, the 
study outcome was considered negative because of the clinically insignificant difference between 
the sorafenib and placebo arms. Other large-scale studies, such as the Eastern Cooperative 
Oncology Group (ECOG) 1208 study and the TACE2 study, had to be discontinued due to insuf-
ficient enrollment. The outcome of the TACE2 study was reported in detail at the 2016 American 
Society of Clinical Oncology (ASCO) Annual Meeting  [7] . The Transcatheter Arterial Chemoem-
bolization Therapy in Combination with Sorafenib (TACTICS) study conducted in Japan is the 
only large-scale clinical trial that is currently underway. As shown in  Table 1 , negative outcomes 
have also been reported in studies with other agents, including the Brivanib versus Placebo as 
Adjuvant Therapy to Transarterial Chemoembolization in Patients with Unresectable Hepato-
cellular Carcinoma (BRISK-TA) study  [8] , a phase III study on brivanib (an inhibitor of vascular 
endothelial growth factor receptor [VEGFR] and fibroblast growth factor receptor [FGFR]), and 
the Orantinib in Combination with Transcatheter Arterial Chemoembolization in Patients with 
Unresectable Hepatocellular Carcinoma (ORIENTAL) study, a phase III study on orantinib (an 
inhibitor of VEGFR, platelet-derived growth factor receptor [PDGFR], and FGFR  [9] ).

  Advanced-Stage HCC 
 Many trials have been conducted to develop molecular targeted agents that can replace 

sorafenib as a more potent and safe first-line therapy. However, the superiority or noninferi-
ority of sunitinib, brivanib, and linifanib to sorafenib could not be proven  [10–12] . A phase III 
study comparing lenvatinib and sorafenib has recently been concluded, and the results are 
eagerly awaited. The target molecules of lenvatinib are VEGFR1–3, FGFR1–4, RET, and c-Kit.

  Clinical trials of brivanib, everolimus (an inhibitor of mTOR [mechanistic target of 
rapamycin]), and ramucirumab (a human monoclonal antibody against VEGFR2) were 
conducted with the aim of developing second-line agents for patients unresponsive to or 
intolerant of sorafenib, but they failed to show superiority to the placebo ( Table 1 )  [13–15] . 
However, because ramucirumab was highly effective in a group of patients with elevated 
serum α-fetoprotein (AFP), a phase III study of ramucirumab is currently underway on 
patients with serum AFP levels  ≥ 400 ng/ml. Recently, on June 30, 2016, positive data from 
the RESORCE study of regorafenib, an inhibitor of a broad range of kinases including VEGFR, 
PDGFR, FGFR, TIE2, Kit, RET, and RAF, were presented at the World Congress on Gastrointes-
tinal Cancer (WCGC). As a groundbreaking result, overall survival (OS), the primary endpoint 
of the study, was significantly improved in patients that received regorafenib as a second-line 
therapy (median survival time: 10.6 months, vs. 7.8 months in the placebo group; hazard 
ratio: 0.62; 95% confidence interval: 0.50–0.78;  p  < 0.001) ( Table 2 ). Importantly, the study 
design might have contributed to the positive outcome. First, the study included a group of 
patients who progressed while on sorafenib, but these patients were required to have received 
 ≥ 400 mg of sorafenib for at least 20 of 28 days prior to enrollment in the RESORCE trial; 
patients who discontinued sorafenib due to poor tolerability were excluded. Second, vascular 
invasion and extrahepatic spread were treated as independent stratification factors because 
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of the lessons learned from the failed brivanib trial ( Table 3 ). As for other agents, a clinical 
trial of the c-MET inhibitor tivantinib is currently underway ( Table 1 ).

  Problems Associated with Clinical Trials of Molecular Targeted Agents for HCC 

 As stated above, numerous drug development trials ended with negative outcomes, and 
a number of potential reasons for these results have been proposed.

  Problems Associated with the Heterogeneity of HCC 
 Compared with other types of cancer, HCC is very heterogeneous. In particular, HCC is a 

multicentric tumor, and its characteristics can vary from nodule to nodule, even within an 
individual patient. Consequently, the efficacy of molecular targeted agents is highly variable. 
Clinical trials use the Child-Pugh liver function score and the TNM tumor stage as inclusion 
criteria. Thus, a seemingly clinically homogeneous group of patients included in a study may 
actually be biologically heterogeneous. Therefore, to restrict the patient population to a 
biologically homogeneous group, drug development trials have started to rely on biomarkers 
 [16] . A representative example is a trial of tivantinib, which inhibits the hepatocyte growth 
factor receptor c-MET  [17] . This phase II study has shown the efficacy of tivantinib in patients 
with HCC expressing high levels of c-MET, even though in this group of patients, the prognosis 
is generally poor. Currently, a placebo-controlled phase III study is being conducted only on 

Demographic or characteristic Brivanib
(n = 263)

Placebo
 (n = 132)

n %  n %

Reason for sorafenib discontinuation
Progression 227 86 116 88
Intolerance 35 13 16 12

Distant metastasis 171 65 84 64
Vascular invasion 81 31 24 18

Portal vein invasion and/or thrombosis 65 25 16 12

Cited and modified from Llovet et al. [13].

 Table 3. Imbalance between the 
brivanib and placebo arms

 Table 2. Results of the RESORCE trial

Regorafenib Placebo HR (95% CI); p value

Subjects, n 379 194
BCLC stage C, % 88 87
Treatment duration, months 3.6 (0.03 – 29.4) 1.9 (0.2 – 27.4)
OS, months 10.6 7.8 0.62 (0.50 – 0.78); p < 0.001
PFS, months 3.1 1.5 0.46 (0.37 – 0.56); p < 0.001
TTP, months 3.2 1.5 0.44 (0.36 – 0.55)
DCR, % 65.2 36.1 p < 0.001
ORR, % 10.6 4.1 p < 0.005
Adverse events grade ≥3, % 79.7 58.5

BCLC, Barcelona Clinic Liver Cancer; OS, overall survival; PFS, progression-free survival; TTP, time to 
progression; DCR, disease control rate; ORR, overall response rate; HR, hazard ratio; CI, confidence interval.
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patients with tumors expressing high levels of c-MET. However, selecting patients based on 
biomarkers does not address the problem of tumor characteristics varying from nodule to 
nodule within the same patient. In other words, the possibility of sampling variability cannot 
be eliminated. Indeed, the outcome of a study using a mutation of RAS as a biomarker to inves-
tigate the efficacy of the MEK inhibitor refametinib was also unfavorable. These problems 
may be resolved once more effective serum biomarkers are identified. A phase II clinical trial 
of the TGF (transforming growth factor)-β receptor inhibitor galunisertib is currently 
underway, and improved OS and reduced TGF-β 1  levels in patients with normal AFP values 
were reported at the 2016 ASCO Annual Meeting  [18] .

  Problems Associated with Stratification Factors 
 In general, stratification factors are stipulated to prevent bias during randomization. The 

proper handling of vascular invasion and extrahepatic spread is considered important in 
patients with HCC. The design of many ongoing clinical trials involves an allocation factor 
specifying “either vascular invasion or extrahepatic spread” or “neither vascular invasion nor 
extrahepatic spread.” However, because vascular invasion is an extremely poor prognostic 
factor for HCC, assigning vascular invasion to the same category as extrahepatic spread may 
have influenced the outcome of clinical trials. In other words, if the active drug group contains 
more patients with vascular invasion while the placebo group includes more patients with 
extrahepatic spread, such a sampling bias will put the active drug groups at a disadvantage. 
In fact, this actually happened in a clinical trial of brivanib as second-line therapy ( Table 3 ) 
 [13] . In the RESORCE trial, which reported a positive outcome, patients were stratified sepa-
rately by vascular invasion and by extrahepatic spread  [19] .

  Influence of Post-Trial Treatment 
 Post-progression survival (PPS) is defined as the interval between a diagnosis of 

progressive disease and the patient’s death; OS is expressed by the equation OS = PFS + PPS, 
where PFS is progression-free survival. Even when a statistical difference in PFS is observed, 
this might not be reflected in OS if PPS is sufficiently long. Indeed, OS correlated with PPS 
more strongly than with PFS in a clinical trial of sorafenib  [20] . Locoregional therapy is the 
mainstay of treatment for HCC, but molecular targeted agents are indicated for cases where 
locoregional therapy is no longer practical. However, even after following the recommended 
therapeutic guidelines, locoregional therapy is often applied as a post-trial treatment, if the 
patient’s general condition is stable. This rarely happens with other types of cancer and is an 
issue unique to HCC due to the availability of effective locoregional therapies such as intra-
arterial infusion chemotherapy or TACE. It is therefore possible that if PPS is prolonged by 
effective post-trial treatments, there may be no significant difference in OS, the primary 
endpoint of the trial  [21] . In addition, clinical trials of agents other than regorafenib use intol-
erability to sorafenib as an inclusion criterion; however, this is thought to augment the 
influence of post-trial treatments. Patients who progressed after administration of sorafenib 
are defined as unresponsive to sorafenib; they have a relatively advanced tumor burden and 
are in poor condition overall. By contrast, patients defined as intolerant to sorafenib, who 
discontinued the treatment due to adverse events, remain in a relatively stable condition. 
Clinically stable patients are more likely to be subjected to various post-trial treatments, 
particularly to locoregional therapy, regardless of whether they have received a second-line 
agent or a placebo during the trial. The outcome of a subanalysis of a phase II study of axitinib 
supports this contention. This analysis revealed that OS in the axitinib arm was much better 
than in the placebo arm when patients who discontinued therapy due to adverse events were 
excluded  [22] . Taking this into consideration, clinical trials of second-line agents should 
enroll only those patients unresponsive to sorafenib, as was done in the RESORCE study  [19] .
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  As stated earlier, the clinical trial of regorafenib excluded patients intolerant to sorafenib. 
This decision was made primarily because regorafenib and sorafenib have similar toxico-
logical profiles due to their structural similarity  [19] . However, because patients intolerant 
to sorafenib were excluded, post-trial treatments were limited, resulting in a favorable 
outcome. This superior trial design resulted in a shorter PPS and therefore a greater difference 
in OS, clarifying the benefits of regorafenib therapy.

  Hepatic Functional Reserve 
 Since many patients with HCC have an underlying chronic liver disease, such as cirrhosis, 

it is important to consider the effect of therapy on liver function. Most clinical trials enroll 
patients with Child-Pugh class A liver function (Child-Pugh score of 5–6 points). However, 
prognoses differ substantially between patients with a score of 5 and those with 6 points. 
Therefore, in the case of HCC, it may be necessary to include Child-Pugh scores of 5 and 6 as 
separate stratification factors.

  Immune Checkpoint Inhibitors 

 An antibody against programmed cell death protein 1 (PD-1) has been gaining attention 
as an immune checkpoint inhibitor in recent years ( Fig. 1–3 ). At the 2015 ASCO Annual 
Meeting, a phase I study of anti-PD-1 (nivolumab) in patients with HCC reported a favorable 
outcome, with 2 complete and 7 partial responses and an overall response rate of 19%  [23] . 

Trafficking of
T cells to tumors

(CTLs) 

Infiltration of T cells
into tumors

(CTLs, endothelial cells)

Recognition of cancer
cells by T cells

(CTLs, cancer cells) 

Killing of cancer cells
(immune and cancer cells)

Release of
cancer cell antigens
(cancer cell death)

Cancer antigen
Presentation

(dendritic cells/APCs)

Priming and activation
(APCs and T cells)

The cancer-immunity cycle

Immunity 2013

Blood
vesselLymph node

Tumor

Cited from Daniel S. Chen, et al: Immunity. 2013 Jul 25;39(1):1-10

  Fig. 1.  The cancer-immunity cycle. Naïve T cells are activated by signals from antigen-presenting cells (APCs), 
which recognize the cancer cell antigens in the lymph node. At the tumor, activated T cells attack the cancer 
cells. CTLs, cytotoxic T lymphocytes. 
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In Japan, a phase I/II study of nivolumab with dose expansion cohorts began in the summer 
of 2015. The outcomes of the dose escalation and dose expansion trials were reported at the 
2016 ASCO Annual Meeting  [24, 25]  ( Table 4 ). Furthermore, other reports included the de-
sign of a phase III clinical trial  [26]  and a study of combination therapy with anti-PD-1 and 
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) ( Tables 5 ,  6 )  [27] . However, due to 
extremely expensive drug prices, it is very likely that the medical costs of these agents will 
strain nations’ finances when approved for clinical use. Therefore, an urgent challenge today 
is to discover biomarkers that predict treatment response and thus offer a clear indication for 
their use.

  Master Protocols 

 Drug development trials have high research and development costs and also require a 
huge effort to recruit participants. In the USA, the Lung Cancer Master Protocol (Lung-MAP) 
for patients with squamous cell lung cancer was launched in 2014 ( Fig. 4 )  [28] . Patients were 
screened for alterations in cancer-related genes and were assigned to a trial arm best suited 
to each subject’s genomic profile. This streamlined patient registration made the process 
more efficient, helping to reduce drug development costs. From the perspective of medical 
cost reduction, it may become possible to assign an appropriate agent to each patient. Clearly, 
this will be also extremely beneficial for patients with HCC and we await its early incorpo-

MHC TCR

B7.1 (CD80)
B7.2 (CD86)

Cancer attack by activated T cell

PD-1

CD28

CTLA-4
PD-1

MHC

-

SHP2

TCR

TAA

T-cell activation by stimulatory co-signal Cancer attack by activated T cell

APC T cell Tumor

Perforin
Granzyme

Priming phase Effector phase

Lymph node Cancer cell

  Fig. 2.  After the recognition of tumor-associated antigen (TAA) by the T-cell receptor (TCR), a co-stimulato-
ry signal by binding B7 and CD28, naïve T cells are activated. Consequently, the activated T cells attack the 
cancer cells by recognizing the TAA. Cancer cells are killed by activated T cells by producing perforin and 
granzyme. APC, antigen-presenting cell. 
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ration. Such results could contribute substantially to the health care economy. Of course, this 
cannot be achieved by a single pharmaceutical manufacturer but requires the cooperation of 
multiple manufacturers. Public organizations should also be involved, so that this effort can 
be made within a public-private integrated project. In Japan, a similar project, SCRUM-Japan, 
was launched for patients with lung and gastrointestinal cancer including hepatobiliary and 
pancreatic cancer. Headed by the National Cancer Center, it is currently being tested at various 
institutions.

MHC TCR

B7.1 (CD80)
B7.2 (CD86)

PD-L1
PD-L2

Immune escape using immune checkpoint molecule

PD-1

CD28

CTLA-4
PD-L1

PD-1

MHC

-

SHP2

TCR

IFN R

IFN

T-cell inactivation by inhibitory co-signal Immune tolerance/escape

APC T cell Tumor

TAA

Lymph node Cancer cell

  Fig. 3.  The immune checkpoint molecules PD-1, PD-L1, and CTLA-4 play an impact role in the cancer’s escape 
from activated T cells (cancer immunotolerance/escape). APC, antigen-presenting cell; TAA, tumor-associ-
ated antigen; TCR, T-cell receptor. 

 Table 4. Objective response to nivolumab

Uninfected:
sorafenib naïve/
intolerant
(n = 54)

Uninfected:
sorafenib
progressors
(n = 58)

HCV
(n = 51)

HBV
(n = 51)

Total
(n = 214)

Objective response 11 (20) 11 (19) 7 (14) 6 (12) 35 (16)
Partial response 0 (0) 2 (3) 0 (0) 0 (0) 2 (1)
Stable disease 32 (59) 27 (47) 29 (57) 23 (45) 111 (52)
Progressive disease 11 (20) 18 (31) 12 (24) 22 (43) 63 (29)
Not evaluable 0 (0) 2 (3) 3 (6) 0 (0) 5 (2)

Data are presented as n (%). Cited from El-Khoueiry et al. [25]. HCV, hepatitis C virus; HBV, hepatitis B 
virus.
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  Conclusion 

 Here, we reviewed the current development status of molecular targeted agents and 
future trends in drug development for HCC. Because of the difficulties involved in developing 
novel agents, the positive outcome obtained with regorafenib is exiting news and may change 

 Table 6. Clinical trials of CTLA-4 antibody in hepatocellular carcinoma

NCT No. Agent Design Status Subjects, n Stage Results

01008358 Tremelimumab II Complete 20 III/IV PR = 17.6%, DCR = 76%
TTP = 6.5 months
HCV virologic response
Grade 3 AST/ALT = 45%

01853618 Tremelimumab +
TACE/RFA/cryoablation

I Ongoing 29
(14 TACE;
10 RFA;
5 cryoablation)

III/IV Safe, feasible
Immune cell infiltration (+)
TTP = 5.7 months
Reduction in HCV viral load

RFA, radiofrequency ablation; PR, partial response; DCR, disease control rate; TTP, time to progression; HCV, hepatitis C 
virus.

MHC TCR

Cancer attack by CTL activated by immune checkpoint
inhibitor; anti-PD-1, anti-PD-L1, and anti-CTLA-4 antibodies

Increased T-cell activation Effective cancer attack by T-cell activation

PD-L1
PD-L2

IFN

Perforin
Granzyme

PD-1

PD-1

MHC

PD-
PD-

APC Activated T cell (CTL) Tumor

TCR

Anti-PD-1 Ab

CD28
CTLA-4

IFN R
TAA

Anti-CTLA-4 Ab
Anti-PD-L1 Ab

B7.1 (CD80)
B7.2 (CD86)

Lymph node Cancer cell

Priming phase Effector phase

L1
L2

  Fig. 4.  Anti-PD-1, anti-PD-L1, and anti-CTLA-4 antibodies restore T-cell activation, leading to an effective 
cancer attack by the immune system. APC, antigen-presenting cell; TAA, tumor-associated antigen; TCR,
T-cell receptor; CTL, cytotoxic T lymphocyte. 
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the treatment paradigm for HCC. While expectations are rising for immunotherapy, new 
patient selection criteria are also emerging based on biological homogeneity as determined 
by biomarkers. This differs from the conventional selection criteria based on liver function 
and TNM stage. Furthermore, to reduce medical costs, it is necessary to put drug development 
into a broader perspective by, for example, incorporating new concepts such as the master 
protocol system into clinical trials.
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Abstract
AIM
To compare the efficacy and safety of cold snare polype-
ctomy (CSP) and hot forceps biopsy (HFB) for diminutive 
colorectal polyps.
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METHODS
This prospective, randomized single-center clinical trial 
included consecutive patients ≥ 20 years of age with 
diminutive colorectal polyps 3-5 mm from December 
2014 to October 2015. The primary outcome measures 
were en-bloc  resection (endoscopic evaluation) and 
complete resection rates (pathological evaluation). 
The secondary outcome measures were the immediate 
bleeding or immediate perforation rate after poly-
pectomy, delayed bleeding or delayed perforation 
rate after polypectomy, use of clipping for bleeding 
or perforation, and polyp retrieval rate. Prophylactic 
clipping after polyp removal wasn’t routinely performed.

RESULTS
Two hundred eight patients were randomized into the 
CSP (102), HFB (106) and 283 polyps were evaluated 
(CSP: 148, HFB: 135). The en-bloc  resection rate was 
significantly higher with CSP than with HFB [99.3% 
(147/148) vs  80.0% (108/135), P  < 0.0001]. The 
complete resection rate was significantly higher with CSP 
than with HFB [80.4% (119/148) vs  47.4% (64/135), 
P  < 0.0001]. The immediate bleeding rate was similar 
between the groups [8.6% (13/148) vs  8.1% (11/135), 
P  = 1.000], and endoscopic hemostasis with hemoclips 
was successful in all cases. No cases of perforation or 
delayed bleeding occurred. The rate of severe tissue 
injury to the pathological specimen was higher HFB 
than CSP [52.6% (71/135) vs  1.3% (2/148), P  < 
0.0001]. Polyp retrieval failure was encountered CSP 
(7), HFB (2).

CONCLUSION
CSP is more effective than HFB for resecting diminutive 
polyps. Further long-term follow-up study is required.

Key words: Cold snare polypectomy; Colonoscopy; 
Polypectomy; Colorectal diminutive polyps; Hot forceps 
biopsy

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Cold snare polypectomy (CSP) is more 
effective in terms of both endoscopic en-bloc  resection 
rate and pathological complete resection rate than 
hot forceps biopsy (HFB) for resecting diminutive 
polyps. Moreover, CSP and HFB did not result in any 
serious adverse events such as delayed bleeding and 
perforation.

Komeda Y, Kashida H, Sakurai T, Tribonias G, Okamoto K, 
Kono M, Yamada M, Adachi T, Mine H, Nagai T, Asakuma 
Y, Hagiwara S, Matsui S, Watanabe T, Kitano M, Chikugo T, 
Chiba Y, Kudo M. Removal of diminutive colorectal polyps: 
A prospective randomized clinical trial between cold snare 
polypectomy and hot forceps biopsy. World J Gastroenterol 
2017; 23(2): 328-335  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i2/328.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i2.328

INTRODUCTION
The United States National Polyp Study demonstrated 
that a clean colon (i.e., a colon in which all adeno
matous polyps have been eliminated) significantly 
decreases the mortality rate for colorectal cancer[1]. 
Accordingly, there is a need to consider the resection 
of neoplastic polyps, including diminutive polyps, when 
performing colonoscopy. Cold snare polypectomy (CSP) 
is becoming a common method for resecting small or 
diminutive polyps without using submucosal injections 
or electrocautery, and it is regarded as a safe treatment 
in Western countries[2]. Recently, it has also gradually 
gained popularity in Japan[35]. The advantages of 
CSP are that electrocauteryrelated damages to the 
submucosal vascular tissue are prevented and there are 
fewer restrictions on patients’ postoperative activity or 
diet. Low rates of postoperative bleeding and perforation 
can also be expected, because electrocautery is not 
used during CSP.

Hot forceps biopsy (HFB) is another method used 
to remove diminutive polyps; it has been widely used 
in Japan, because it is comparatively easy to use. 
Although the HFB approach is advantageous in that 
possible adenomatous remnants are fulgurated and the 
blood vessels are coagulated, it also has disadvantages 
associated with electrocautery, such as perforation and 
delayed bleeding[6,7]. To our knowledge, CSP and HFB 
have not been directly compared. We hypothesized that 
CSP would be more effective than HFB for resecting 
diminutive polyps 35 mm. Therefore, the present study 
aimed to compare the efficacy and safety of CSP and 
HFB for removing colorectal polyps measuring 35 mm.

MATERIALS AND METHODS
Study design, subjects, and methods
This prospective, randomized, singlecenter comparison 
study was conducted from December 2014 to October 
2015. The inclusion criteria were consecutive patients 
over 20 years old and those who were scheduled to 
undergo the removal of colorectal polyps measuring 
35 mm. The preoperative exclusion criteria were 
patients with inflammatory bowel disease, polyposis, 
polyps suggestive of cancer, and hyperplastic polyps 
measuring less than 5 mm in the distal colon. Similar to 
hyperplastic polyps less than 5 mm, typical hyperplastic 
polyps featuring white, flat protrusions with a diameter 
of 5 mm or less, which are frequently observed in the 
distal colon (rectum and sigmoid colon), reportedly 
exhibit no relationship with adenoma onset in the 
future, and guidelines state that no proactive action is 
required. The intraoperative exclusion criteria were 
patients converted to endoscopic mucosal resection 
(EMR), those with polyp retrieval failure, and patients 
with nonneoplastic polyps. Patients presenting with 
diminutive polyps were assigned to either the CSP 
or HFB group using computergenerated random 
sequencing. The polyp size was estimated on the basis 
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of the maximum width of the opened snare or HFB. 
Endoscopic and pathological images obtained during 
the tests were deidentified, and they were used to 
make diagnoses on the basis of the findings. No limit 
was set for the number of polyps removed per patient. 
Each polypectomy was considered independent of the 
others.

The study was approved by the institutional ethics 
committee (registration number 26180; date: Dec 2 
2014), and it was registered with the University Hospital 
Medical Information Network (UMIN ID: 000015016; 
date of registration: Sep 1, 2014). Written informed 
consent was obtained from all patients.

Outcome measures
The primary outcome measures were as follows: 
the en-bloc resection rate (endoscopic evaluation 
was used to confirm the tumorfree cut margin with 
magnified endoscopic view) and complete resection 
rate (pathological evaluation was used to confirm 
the tumorfree cut margin in microscopic view). The 
secondary outcome measures were as follows: the 
immediate bleeding or immediate perforation rate after 
polypectomy, delayed bleeding or delayed perforation 
rate after polypectomy, use of clipping for bleeding or 
perforation, and polyp retrieval rate.

Immediate bleeding was defined as spurting or 
oozing blood that continued for more than 1 min 
following resection that was stopped with hemoclips. 
Delayed bleeding was clinically defined as evident 

hematochezia after the patient was removed from the 
endoscopic room; this was confirmed by a question
naire at the time of the patient’s next hospital visit 
(710 d after treatment). Prophylactic clipping after 
polyp removal was not routinely performed, except 
in patients with immediate bleeding or in those with 
a high risk for perforation, patients with a bleeding 
tendency, those taking antithrombotic agents, etc.

Endoscopic procedures
All colonoscopic procedures were performed by six 
experienced endoscopists (H.K., T.S., Y.A., Y.K., T.N., 
and H.M.) who had each performed more than 1000 
polypectomies before. No colonoscopist had performed 
CSP before this trial. Highdefinition endoscopes 
(PCFQ260AZI, CFH260AZI, CFHQ290I; Olympus 
Medical Systems, Tokyo, Japan) were used in this 
study. Patients drank a polyethylene glycolelectrolyte 
solution (Ajinomoto Pharmaceutical Co., Tokyo, Japan) 
for bowel preparation. Two types of snares were used 
for CSP: the Profile snare and CaptivatorII Snare 
(Boston Scientific, Natick, MA, United States), both 
of which are approved for cold polypectomy in Japan. 
Each endoscopist chose which snare they preferred. 
In addition, the FD1U1 forceps (Olympus) was used 
to perform HFB. The respective maximum widths of 
the FD1U1 forceps, Profile snare, and CaptivatorII 
Snare were 7, 10, and 11 mm.

During CSP, the polyps were resected without 
injection or electrocautery, and some of the surrounding 
normal mucosa was removed (Figure 1). The transected 
polyps in the CSP group were vacuumed into a trap and 
were collected (Figure 2). During HFB, an electrocautery 
with coagulating current at 2530 W in the setting of 
the electrosurgical unit VIO300D (Erbe Elektromedizin, 
Tuebingen, Germany) was applied to the polyp until the 
white coagulum was seen at the polyp base (Figure 3)[8], 
and then the polyp was removed by gently pulling it 
from the mucosa. The resected polyps in the HFB group 
were collected in the cup of the forceps.

All tissue specimens were examined by an ex
perienced pathologist (T.T.) who was blinded to the 
clinical information concerning the patient and polyp, 
and to how the polyp was resected. The vertical and 
lateral cut margins and tissue damage were evaluated 
with a hematoxylin and eosin stain.

Sample size calculation and statistical analysis
The sample size was calculated on the basis of the 
overall estimated complete resection rate. We assumed 
that it would be 95% in the CSP group and 80% in 
the HFB group according to the results of previous 
reports (93% and 83%, respectively)[9,10]. Thus, the 
needed sample size was 150 polyps per group with 
a significance level of 5% (twotailed) and power of 
80% when the Fisher exact test was used to confirm 
superiority of CSP to HFB. We assumed a dropout rate 
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229 patients were recruited

Excluded: 3 patients (rejected)

226 patients were enrolled in this study

Excluded: 18 patients 
(no diminutive polyps)

Screened, 208 patients in whom at least one polyps was detected

Randomization

CSP group
102 patients
183 polyps

HFP group
106 patients
156 polyps

Excluded, 21 polyps
   Converted to EMR (1)
   Polyp retrival failure (2)
   Non-neoplastic (18)

Excluded, 35 polyps
   Converted to EMR (2)
   Polyp retrival failure (7)
   Non-neoplastic (26)

Included, 148 polyps Included, 135 polyps

Figure 1  Enrollment flowchart. CSP: Cold snare polypectomy; HFB: Hot 
forceps biopsy; EMR: Endoscopic mucosal resection.
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from ITT analysis because endoscopic/pathological 
evaluation of these polyps could not originally be per
formed. The target of modified ITT analysis was 157 
polyps in CSP and 138 polyps in HFB. 

All statistical analyses were performed using SAS 
software, version 9.4 (SAS Institute, Cary, NC, United 
States). Statistical review of the study was performed 
by a biomedical statistician.

RESULTS
Patients’ and polyps’ characteristics
Two hundred eight patients were enrolled in the study 
[mean ± SD: age 69.0 ± 8.0 years (range 3587 

of 10%; thus, we determined that the sample size 
should be 165 polyps per group.

Categorical variables were compared with the Fisher 
exact test, and continuous variables were compared 
with the ttest. To determine predictive factors of 
complete resection, we conducted multivariable logistic 
regression analysis with the resection method (CSP or 
HFB) and polyp characteristics (location, shape, and 
histology) as explanatory variables. 

We performed a modified intentiontotreat (ITT) 
analysis. In our modified ITT analysis, we considered 
polyps converted to EMR and polyp retrieval failure 
as incomplete en-bloc resection and pathological 
resection. We excluded the nonneoplastic polyps 

Figure 2  Technique for cold snare polypectomy. A: Chromoendoscopy was used to detect the polyp and surrounding normal mucosa, which were captured with 
a snare, and resection was performed without electrocautery; B: The mucosal defect was assessed to ensure complete resection and no persistent bleeding; C: The 
free cut-margin was negative for neoplastic tissue (area between the arrows).

500.00 μm

CA B

500.00 μm

D

A B

C

Figure 3  Technique for hot forceps biopsy. A: A slightly protruded polyp was detected with magnified chromoendoscopy; B: The polyp was captured in the cup of 
the forceps and gently pulled from the mucosa; C: The electrocautery current was applied to the polyp until the color changed to white at the polyp base. Then the 
polyp was completely removed from the mucosa; D: Pathologic evaluation of the free cut-margin was difficult to perform because of a thermal tissue injury (arrow).
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years), 31% women], and we excluded 3 patients who 
were rejected (the rejection rate for inclusion in the 
trial was 1.3%: 3/229) and 18 patients who had no 
diminutive polyps (7.9%: 18/229). After randomization 
was performed, 102 patients were allocated to the 
CSP group, and 106 were allocated to the HFB group. 
A flowchart of the study enrollment is shown in Figure 
1. The mean ages were 69.4 ± 9.4 in the CSP group 
and 68.9 ± 7.9 in the HFB group. The mean number 
of resected polyps per patient was 1.5 in the CSP 
group and 1.3 in the HFB group. Finally, 283 polyps 
(CSP group: 148 polyps, HFB group: 135 polyps) 
were evaluated after excluding some polyps (polyps 
removed with EMR, polyps that could not be retrieved, 
and nonneoplastic polyps). There was no significant 
difference between the two groups with regard to the 
characteristics of the patients and polyps (Tables 1 and 
2). According to the pathological diagnosis, tubular 
adenoma with lowgrade dysplasia accounted for 
83.4% of polyps in the CSP group and 93.3% in the 
HFB group.

Primary and secondary outcomes
The en-bloc resection rate was significantly higher 
with CSP than with HFB [99.3% (147/148) vs 80.0% 
(108/135), P < 0.0001]. The complete resection rate 

was significantly higher with CSP than with HFB [80.4% 
(119/148) vs 47.4% (64/135), P < 0.0001]; however, 
there were 6 polyps in the CSP group that broke into 
pieces during retrieval by aspiration (Table 3). The 
immediate bleeding rate was similar between the two 
groups [CSP group: 8.8% (13/148) vs HFB group: 
8.1% (11/135), P = 1.000]. Endoscopic hemostasis 
with hemoclips was successful in cases of immediate 
bleeding. Serious adverse events such as perforation 
or delayed bleeding did not occur in any case, although 
prophylactic clipping after polyp removal was not 
routinely performed, except in cases of immediate 
bleeding or in those with a high risk of bleeding.

The rate of tissue injury according to the pathologic 
specimen was higher in the HFB group than in the 
CSP group [52.6% (71/135) vs 1.3% (2/148), P < 
0.0001]. The frequency of polyp retrieval failure was 
higher in the CSP group than in the HFB group (7/148 
vs 2/135). There was no significant difference between 
the Profile snare and Captivator II Snare for CSP in 
terms of all the factors (Table 4). 

The results of this modified ITT analysis were that 
the en-bloc resection rate was significantly higher 
with CSP than with HFB [87.9% (138/157) vs 76.0% 
(105/138), P < 0.0001]. The complete resection rate 
was significantly higher with CSP than with HFB [70.1% 
(110/157) vs 44.2% (61/138), P < 0.0001]. There 
was no significant difference between the original data 
and modified ITT analysis.

Multivariable logistic regression analysis showed 
that the resection method (CSP vs HFB) was the stron
gest predictive factor for complete resection (Table 5).

DISCUSSION
We demonstrated that CSP is more effective than HFB 
for resecting diminutive polyps 35 mm. Recently, 
in a randomized controlled trial at a single center, 
Lee et al[9] reported that CSP was superior to CFP for 
removing small polyps ≤ 5 mm (93% vs 76%, P = 
0.009). Kim et al[11] also demonstrated that the overall 
complete resection rate was significantly higher in the 
CSP group than in the CFP (96.6% vs 82.6%, P = 0.01) 
for polyps ≤ 7 mm. Authors of a pilot study conducted 
in Japan reported that the rate of complete resection 
after CSP for polyps < 10 mm was 60%[3]. The present 
study’s findings showed that the overall complete 
resection rate for polyps 35 mm was significantly 
higher with CSP than with HFB, although six polyps in 
the CSP group could not be evaluated because they 
broke into pieces in the working channel of the scope 
during aspiration. In 19.6% of patients in the CSP 
group, the resected free cutmargin was very close to 
the lesion, thus it was considered unclear (i.e., tumor 
involvement of the horizontal margin could not be 
determined).

In the present study, the HFB group had a low 

Table 1  Patients’ baseline characteristics n  (%)

CSP group 
(n  = 102)

HFB group 
(n  = 106)

P  value

Age (yr), mean (SD) 69.4 (8.0) 68.9 (7.9) 0.60
Female sex 32 (31.3) 31 (29.2) 0.76
Use of antithrombotic agents 4 (3.9) 3 (2.8) 0.72

CSP: Cold snare polypectomy; HFB: Hot forceps biopsy.

Table 2  Polyps’ characteristics

CSP group HFB group P  value

Total No. of polyps 148 135
Polyp size (mm) 
mean ± SD

4.2 (1.0) 3.8 (1.0)

No. of polyps per 
patient, mean

       1.5        1.3

Location 0.10
   Right1/Left2 44/104 53/82
Shape 0.09
   Protruded 107 110
   Flat   41   25
Histology 0.16
   High-grade adenoma   12     3
   Low-grade adenoma 124 126
   SSA/P     6     4
   Hyperplastic polyp     3     2
   Other     3     0

1Located from the cecum to the splenic flexure; 2Located from the splenic 
flexure to the rectum. SSA/P: Sessile serrated adenoma/polyp; CSP: Cold 
snare polypectomy; HFB: Hot forceps biopsy.
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complete resection rate of 47.4%, significantly low rate 
80.0% with en-bloc resection, and substantial tissue 
damage due to electric resection. It is concerning that 
HFB caused so much thermal damage to the specimen 
that it made the pathological diagnosis difficult.

The current study also demonstrated similar imme
diate bleeding rates in both groups, and endoscopic 
hemostasis with hemoclips was successful in these 
cases. Horiuchi et al[12] reported that CSP was used 
safely even in patients taking antiplatelet agents and 
in those in which therapeutic levels of anticoagulation 

were achieved, although the sample size was small.
In our study, no perforation or delayed bleeding 

occurred in any case. The first author previously re
ported on an animal experiment conducted in pigs at 
another institution, and no perforation occurred with 
CSP for large polyps exceeding 1 cm[13]. In the present 
study, two polyps could not be resected with CSP 
because there was too much resistance during snaring; 
therefore, they were converted with conventional EMR 
using an injection and electrical current was used. 
These cases were excluded from further evaluation. 
Accordingly, a very low incidence of perforation can be 
expected in CSP. The change in the resection method 
may have contributed to the low rate perforation.

A previous study reported a perforation rate of 0.05% 
after HFB, including one case of death[14]. In the present 
study, no serious adverse events (delayed bleeding, 
perforation, or postcoagulation syndrome) were ob
served in HFB group. Although Williams reported a rate 
of 95% for specimens with interpretable histological 
features[8], our study demonstrated that the rate of 
severe histological tissue injury was higher in the HFB 
group than in the CSP group.

Polyp retrieval failure occurred in seven patients 
in the CSP group and two patients in the HFB group. 
This corresponds with a previously reported result that 
specimen retrieval is more difficult when the polyp size 

Table 3  Outcomes and adverse events among the patients

CSP group (95%CI) HFB group (95%CI) P  value

Endoscopic evaluation 147/148 = 99.3% 108/135 = 80.0% < 0.0001
   En-bloc resection rate with free cut-margin (92.3%-100.0%) (72.3%-86.4%)
Pathologic evaluation 119/148 = 80.4%   64/135 = 47.4% < 0.0001
   Complete resection rate with free cut-margin (73.1%-86.5%) (38.8%-56.2%)
Histological tissue injury   2/148 = 1.3%   71/135 = 52.6% < 0.0001

(0.2%-4.8%) (43.8%-61.2%)
Adverse event
   Immediate bleeding 13/148 = 8.8% 11/135 = 8.1% 1.00

(4.8%-14.6%) (4.1%-14.1%)
   Delayed bleeding 0 0
   Perforation 0 0

CSP: Cold snare polypectomy; HFB: Hot forceps biopsy.

Table 4  Outcomes and adverse events in terms of the snares used for cold snare polypectomy

Profile snare (95%CI) Captivator-II snare (95%CI) P  value

Endoscopic evaluation   88/88 = 100% 59/60 = 98.3% 0.41
   En-bloc resection rate with free cut-margin (95.9%-100.0%) (91.2%-100.0%)
Pathologic evaluation    75/88 = 85.2% 44/60 = 73.3% 0.09
   Complete resection rate with free cut-margin (76.1%-91.9%) (60.3%-83.9%)
Histological tissue injury 0/88 = 0% 2/60 = 3.3% 0.16

(0.0%-4.1%) (0.4%-11.5%)
Adverse event
   Immediate bleeding      9/88 = 10.2% 4/60 = 6.7% 0.56

(4.8%-18.5%) (1.8%-16.2%)
   Delayed bleeding 0 0
   Perforation 0 0

There were no differences in the type or number of polyps in these groups. CSP: Cold snare polypectomy.

Table 5  Results of multivariable logistic regression analysis of 
the complete resection rate

Variable Odds ratio (95%CI) P  value

Resection method
   CSP/HFB 4.70 (2.68-8.24) < 0.0001
Location
   Left1/Right2 1.24 (0.71-2.17) 0.45
Shape
   Flat/protruded 0.94 (0.50-1.78) 0.85
Histology
   Non-TA/TA 1.34 (0.44-4.08) 0.61

1Located from the cecum to the splenic flexure; 2Located from the splenic 
flexure to the rectum. CSP: Cold snare polypectomy; HFB: Hot forceps 
biopsy; TA: Tubular adenoma.
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is ≤ 5 mm[15].
There were some limitations to this study. It was 

performed at a single university hospital. We only 
used the two types of snares that are approved for 
cold resection in Japan; thus, our results may not be 
applicable to other snares. In this study, we did not 
assess the amount of time required using each of the 
two techniques for complete polyp resection in each 
colonoscopy because the time for polypectomy did not 
differ between cold forceps polypectomy as almost 
same technique of HFB and CSP in a previous study[16]. 
We did not compare the two procedures. Lastly, the 
study did not include longterm followup after resection.

In conclusion, our results showed that CSP is more 
effective than HFB for resecting diminutive polyps. 
The endoscopic en-bloc resection rate and pathologic 
complete resection rate were lower with HFB, as 
histological evaluation in the HFB group was difficult due 
to tissue injury. Serious adverse events such as delayed 
bleeding and perforation did not occur in either group. 
Further study with longterm followup is required.

COMMENTS
Background
The advantages of cold snare polypectomy (CSP) are that electrocautery-
related damage to the submucosal vascular tissue is prevented, and there 
are fewer restrictions on patients’ postoperative activity and diet. Low rates 
of postoperative bleeding and perforation can also be expected, because 
electrocautery is not used during CSP. Hot forceps biopsy (HFB) is another 
method used to remove diminutive polyps because it is comparatively easy to 
use. CSP and HFB have not previously been directly compared.

Research frontiers
A few human studies in the West have suggested that CSP is a safe treatment 
without electrocautery-related damages and HFB has disadvantages associated 
with electrocautery, such as perforation and delayed bleeding.

Innovations and breakthroughs
This is the first randomized controlled prospective study to compare the efficacy 
of CSP and HFB. CSP is more effective in terms of both endoscopic en-bloc 
resection rate and pathological complete resection rate than HFB for resecting 
diminutive polyps, as histological evaluation with HFB was difficult due to tissue 
injury.

Applications
CSP is preferable under the removal of colorectal diminutive polyps without 
polyps suggestive of cancer, and hyperplastic polyps measuring less than 5 mm 
in the distal colon.

Terminology
CSP is a method for resecting diminutive polyps without using submucosal 
injections or electrocautery. HFB captures the polyp in the cup of the forceps 
and gently pulls it from the mucosa with electrocautery.

Peer-review
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Regorafenib for patients with hepatocellular carcinoma who 
progressed on sorafenib treatment (RESORCE): 
a randomised, double-blind, placebo-controlled, phase 3 trial
Jordi Bruix, Shukui Qin, Philippe Merle, Alessandro Granito, Yi-Hsiang Huang, György Bodoky, Marc Pracht, Osamu Yokosuka, Olivier Rosmorduc, 
Valeriy Breder, René Gerolami, Gianluca Masi, Paul J Ross, Tianqiang Song, Jean-Pierre Bronowicki, Isabelle Ollivier-Hourmand, Masatoshi Kudo, 
Ann-Lii Cheng, Josep M Llovet, Richard S Finn, Marie-Aude LeBerre, Annette Baumhauer, Gerold Meinhardt, Guohong Han, on behalf of the 
RESORCE Investigators*

Summary
Background There are no systemic treatments for patients with hepatocellular carcinoma (HCC) whose disease 
progresses during sorafenib treatment. We aimed to assess the effi  cacy and safety of regorafenib in patients with 
HCC who have progressed during sorafenib treatment.

Methods In this randomised, double-blind, parallel-group, phase 3 trial done at 152 sites in 21 countries, adults with 
HCC who tolerated sorafenib (≥400 mg/day for ≥20 of last 28 days of treatment), progressed on sorafenib, and had 
Child-Pugh A liver function were enrolled. Participants were randomly assigned (2:1) by a computer-generated 
randomisation list and interactive voice response system and stratifi ed by geographical region, Eastern Cooperative 
Oncology Group performance status, macrovascular invasion, extrahepatic disease, and α-fetoprotein level to best 
supportive care plus oral regorafenib 160 mg or placebo once daily during weeks 1–3 of each 4-week cycle. Investigators, 
patients, and the funder were masked to treatment assignment. The primary endpoint was overall survival (defi ned as 
time from randomisation to death due to any cause) and analysed by intention to treat. This trial is registered with 
ClinicalTrials.gov, number NCT01774344.

Findings Between May 14, 2013, and Dec 31, 2015, 843 patients were screened, of whom 573 were enrolled and 
randomised (379 to regorafenib and 194 to placebo; population for effi  cacy analyses), and 567 initiated treatment 
(374 received regorafenib and 193 received placebo; population for safety analyses). Regorafenib improved overall 
survival with a hazard ratio of 0·63 (95% CI 0·50–0·79; one-sided p<0·0001); median survival was 10·6 months 
(95% CI 9·1–12·1) for regorafenib versus 7·8 months (6·3–8·8) for placebo. Adverse events were reported in all 
regorafenib recipients (374 [100%] of 374) and 179 (93%) of 193 placebo recipients. The most common clinically 
relevant grade 3 or 4 treatment-emergent events were hypertension (57 patients [15%] in the regorafenib group vs 
nine patients [5%] in the placebo group), hand–foot skin reaction (47 patients [13%] vs one [1%]), fatigue (34 patients 
[9%] vs nine patients [5%]), and diarrhoea (12 patients [3%] vs no patients). Of the 88 deaths (grade 5 adverse events) 
reported during the study (50 patients [13%] assigned to regorafenib and 38 [20%] assigned to placebo), seven (2%) 
were considered by the investigator to be related to study drug in the regorafenib group and two (1%) in the placebo 
group, including two patients (1%) with hepatic failure in the placebo group.

Interpretation Regorafenib is the only systemic treatment shown to provide survival benefi t in HCC patients 
progressing on sorafenib treatment. Future trials should explore combinations of regorafenib with other systemic 
agents and third-line treatments for patients who fail or who do not tolerate the sequence of sorafenib and 
regorafenib.

Funding Bayer.

Introduction
The treatment of hepatocellular carcinoma (HCC) 
follows well established guidelines.1–3 Surgical resection, 
trans plantation, and ablation are potential curative 
options for early-stage disease, whereas chemo-
embolisation is recommended for patients with 
preserved liver function and disease confi ned to the 
liver generally without vascular invasion. For patients 
who are not or who are no longer candidates for 
locoregional therapy, the oral multikinase inhibitor 
sorafenib is the only systemic treatment shown to 

provide a clinically signifi cant improvement in overall 
survival.4,5 Since the results with sorafenib were 
published almost 10 years ago, all phase 3 trials 
assessing novel systemic drugs have failed to improve 
outcomes over sorafenib in the fi rst-line setting6–10 or in 
the second-line setting following sorafenib.11–14 In 
second-line trials in patients who have failed sorafenib, 
overall survival in the placebo group is about 
8 months.11–14 Therefore, there is an unmet need for 
eff ective systemic therapies for HCC, particularly after 
treatment with sorafenib.
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Regorafenib is an oral multikinase inhibitor that blocks 
the activity of protein kinases involved in angiogenesis, 
oncogenesis, metastasis, and tumour immunity.15,16 It has 
a distinct molecular target profi le and had more potent 
pharmacological activity than sorafenib in preclinical 
studies.15,17 Regorafenib is approved as monotherapy for 
the treatment of treatment-refractory metastatic 
colorectal cancer and gastrointestinal stromal tumours at 
a dose of 160 mg once daily for the fi rst 3 weeks of each 
4-week cycle.18–20 Based on results of a single-arm phase 2 
study showing antitumour activity and acceptable 
tolerability,21 we aimed to assess the effi  cacy and safety of 
regorafenib in patients with HCC who progressed during 
sorafenib treatment.

Methods
Study design and participants
This randomised, double-blind, placebo-controlled 
international phase 3 trial was done at 152 centres in 
21 countries in North America, South America, Europe, 
Asia, and Australia.

Eligible patients were adults with HCC confi rmed by 
pathological assessment or non-invasive assessment 
according to the American Association for the Study of 
Liver Diseases criteria for patients with confi rmed 
cirrhosis,1 and had to have at least one measurable lesion 
by modifi ed Response Evaluation Criteria in Solid 
Tumors for HCC (mRECIST)22 and RECIST version 1.1. 
Patients were Barcelona Clinic Liver Cancer (BCLC) 

stage B or C,23 could not benefi t from resection, local 
ablation, or chemoembolisation, and must have had 
documented radiological progression during sorafenib 
treatment as defi ned in a study-specifi c radiology charter. 
They must have tolerated sorafenib (≥400 mg daily for at 
least 20 of the 28 days before discontinuation) and 
received their last sorafenib dose within 10 weeks of 
randomisation. They were required to have Child-Pugh A 
liver function. Patients were excluded if they had received 
any other previous systemic treatment for HCC or if they 
discontinued sorafenib for toxicity (see appendix pp 5–7 
for full inclusion and exclusion criteria).

All patients provided written informed consent. The 
trial was approved by each centre’s ethics committee or 
institutional review board and complied with Good 
Clinical Practice guidelines, the Declaration of Helsinki, 
and applicable local laws.

Randomisation and masking
Patients were randomly assigned (2:1) to regorafenib or 
placebo using a computer-generated randomisation list 
prepared by the funder. Randomisation was stratifi ed by 
geographical region (Asia vs rest of world), macrovascular 
invasion (yes vs no), extrahepatic disease (yes vs no), 
α-fetoprotein concentration (<400 ng/mL vs ≥400 ng/mL), 
and Eastern Cooperative Oncology Group (ECOG) 
performance status (0 vs 1). The proportion of patients 
recruited from Asia was limited to 40%. Investigators, 
patients, and the funder were masked to treatment 

Research in context

Evidence before this study
We searched PubMed for articles published between Jan 1, 2008, 
and Oct 26, 2016, with no language restrictions, reporting on 
the treatment of patients with advanced hepatocellular 
carcinoma (HCC) who failed sorafenib treatment using the 
search terms (”advanced hepatocellular carcinoma” OR 
“advanced hepatocellular cancer”) AND “sorafenib”, fi ltering for 
articles describing phase 3 clinical trials. We also searched 
abstracts of the annual meeting of the American Society of 
Clinical Oncology, using the search term “advanced 
hepatocellular carcinoma’’, limiting the results to phase 3 trials 
published or presented during the past 2 years. The search 
resulted in 15 articles or abstracts, of which three were excluded 
(two subanalyses and one report of maintenance sorafenib 
therapy following the combination of transcatheter arterial 
chemoembolisation and radiotherapy). Of the remaining 
12 publications, two were reports of the pivotal trials of 
sorafenib for advanced HCC; fi ve reported the fi rst-line use of a 
novel drug or the novel combination of a drug with sorafenib 
compared with a sorafenib control; and fi ve reported the 
second-line use of a novel agent in patients who had failed 
sorafenib. None of the trials assessing novel agents or novel 
combinations of agents in the fi rst-line setting met the primary 
endpoint to show improved overall survival over sorafenib. 

Similarly, none of the drugs assessed in the second-line setting 
in patients previously treated with sorafenib who stopped 
because of disease progression or intolerance showed 
improvement over placebo. Therefore, new eff ective systemic 
therapies for patients with advanced HCC who fail sorafenib 
treatment are needed.

Added value of this study
Until now, no systemic agent has been shown to improve 
survival over placebo in patients with advanced HCC who fail 
sorafenib treatment. The results of RESORCE show that 
treatment with regorafenib resulted in a signifi cant 
improvement in overall survival compared with placebo in 
patients with disease progression on sorafenib. Signifi cant 
improvement over placebo was also shown for the secondary 
endpoints of progression-free survival, time to progression, 
disease control, and overall tumour response.

Implications of all the available evidence
This phase 3 trial of regorafenib is the fi rst to show an overall 
survival benefi t compared with placebo in patients who failed 
sorafenib treatment. Future trials should explore combinations 
of regorafenib with other systemic agents and third-line 
treatments for patients who fail or who do not tolerate the 
sequence of sorafenib and regorafenib. 

See Online for appendix
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assignment. The randomisation number for each patient 
was assigned based on information obtained from the 
interactive voice-response system. Tablets with identical 
appearance were used for regorafenib and placebo.

Procedures
Patients received 160 mg regorafenib (four 40 mg tablets) 
orally or matching placebo once daily for the fi rst 3 weeks 
of each 4-week cycle. All patients received best supportive 
care. Other investigational antitumour drugs, 
antineoplastic chemotherapy, hormonal therapy, or 
immunotherapy were not allowed. Treatment continued 
until disease progression as defi ned by mRECIST, 
clinical progression (defi ned as an ECOG performance 
score ≥3 or symptomatic deterioration, including 
increased liver function tests), death, unacceptable 
toxicity, withdrawal of consent by the patient, or decision 
by the treating physician that discontinuation would be 
in the patient’s best interest. Patients were followed up 
for tumour assessments every 6 weeks for the fi rst eight 

cycles and every 12 weeks thereafter during treatment. 
Treatment could be continued beyond progression if the 
investigator judged that the patient would benefi t from 
continued treatment. Patients assigned to placebo could 
receive regorafenib after the primary analysis.

Treatment interruptions and dose reductions (to 
120 mg, then 80 mg) were allowed to manage toxicity 
(appendix pp 12–15). The regorafenib dose could be re-
escalated to a maximum of 160 mg at the investigator’s 
discretion once toxicities were resolved. If further dose 
reduction was required, treatment was discontinued.

Outcomes
The primary endpoint was overall survival (time from 
randomisation to death due to any cause), analysed by 
intention to treat (ITT). Secondary effi  cacy endpoints were 
progression-free survival (randomisation to radiological or 
clinical disease progression or death; by ITT), time to 
progression (randomisation to radiological or clinical 
disease progression; by ITT), objective response rate 
(patients with complete or partial response), and disease 
control rate (patients with complete response, partial 
response, or stable disease maintained for ≥6 weeks), 
assessed by investigators using mRECIST22 and RECIST 1.1 
(appendix p 7).

Health-related quality of life (HRQoL) was a 
teritiary outcome assessed using the Functional 
Assessment of Cancer Therapy (FACT)–General 
(FACT-G), FACT–Hepatobiliary (FACT-Hep), EQ-5D, 
and EQ-VAS questionnaires.24,25 The following tertiary 
endpoints are not reported here: pharmacokinetics of 
regorafenib, and biomarker evaluation. Safety was 
assessed by adverse events, laboratory abnormalities, 
vital signs, and electrocardiography. Safety was 
monitored continuously throughout the study, and 
patients underwent safety evaluations at every cycle. 
Concentrations of alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), and bilirubin were 
assessed weekly during the fi rst two cycles. Adverse 
events were graded using National Cancer Institute 
Common Terminology Criteria for Adverse Events 
(NCI-CTCAE) version 4.03 (appendix p 7 for further 
assessments) and seriousness of adverse events was 
recorded. Investigators were blinded to study treatment 
for assessment of whether a death was considered 
related to study drug.

Statistical analysis
Using a per-protocol one-sided α of 0·025, a 
2:1 randomisation between regorafenib and placebo, and 
assuming a median overall survival of 8 months in the 
placebo group, the study would have 90% power to detect 
a 43% increase in overall survival with regorafenib 
(assumed median survival 11·4 months) compared with 
placebo at 370 deaths and requiring 560 patients. For the 
primary effi  cacy endpoint of overall survival, the groups 
were compared using a log-rank test, stratifi ed by the 

Figure 1: Trial profi le
*Patient had radiological progression but continued treatment, and terminated treatment when the investigator 
judged that the patient was no longer experiencing clinical benefi t.

843 patients assessed for eligibility

573 randomised

270 ineligible, primary reason
 238 screen failure
 22 withdrawal by patient
 7 adverse event
 2 death
 1 therapeutic procedure required

379 assigned to regorafenib
 374 received regorafenib
 5 did not receive regorafenib

65 treatment ongoing 10 treatment ongoing

379 included in intention-to-treat analysis 194 included in intention-to-treat analysis

194 assigned to placebo
 193 received placebo
 1 did not receive placebo

309 discontinued treatment, primary reason
 149 progressive disease, radiological 
  progression
 21 progressive disease, clinical 
  progression 
 56 adverse event associated with 
  disease progression
 47 adverse event not associated with 
  disease progression
 1 adverse event
 5 death
 26 withdrawal by patient
 2 non-compliance with study drug
 1 physician decision
 1 protocol violation

183 discontinued treatment, primary reason
 119 progressive disease, radiological 
  progression
 14 progressive disease, clinical 
  progression 
 1 progressive disease*  
 28 adverse event associated with 
  disease progression
 12 adverse event not associated with 
  disease progression
 3 protocol violation
 5 withdrawal by patient
 1 other
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aforementioned randomisation factors. The hazard ratio 
(HR) for overall survival and its 95% CI were calculated 
using the stratifi ed Cox model. An interim futility 
analysis was done after 30% of the events had occurred; 
futility boundaries were not crossed. For analyses of time 
to progression and progression-free survival, groups 
were compared using a log-rank test stratifi ed by the 
factors used in the analyses of the primary endpoint. The 
response rates and disease control rates in the two groups 
were compared using the Cochran–Mantel–Haenszel 
test, with adjustment for the stratifi cation factors.

For HRQoL assessments, an analysis-of-covariance 
model was used to compare the time-adjusted area under 
the curve (AUC) between groups with covariates for 
baseline scores and stratifi cation factors. The least-squares 
mean (LSM) with 95% CI was estimated for each 
treatment group and for the diff erence between groups.

Data were analysed with SAS, version 9.2 (SAS Institute 
Inc, Cary, NC, USA). The primary analysis was by 
intention to treat; safety analyses included all patients 
who received at least one dose of study drug. The study 
was overseen by a data safety monitoring committee.

This trial is registered with ClinicalTrials.gov, number 
NCT01774344.

Regorafenib
(n=379)

Placebo
(n=194)

Sex

Male 333 (88%) 171 (88%)

Female 46 (12%) 23 (12%)

Age, years 64 (54–71) 62 (55–68)

Race

White 138 (36%) 68 (35%)

Asian 156 (41%) 78 (40%)

Black 6 (2%) 2 (1%)

Other/not reported 79 (21%) 46 (24%)

Geographical region

Rest of world 236 (62%) 121 (62%)

Asia* 143 (38%) 73 (38%)

ECOG performance status

0 247 (65%) 130 (67%)

1 132 (35%) 64 (33%)

Macrovascular invasion 110 (29%) 54 (28%)

Extrahepatic disease 265 (70%) 147 (76%)

Macrovascular invasion and/or 
extrahepatic disease 304 (80%) 162 (84%)

Lung, target lesion† 98 (26%) 48 (25%)

Lymph node, target lesion† 58 (15%) 36 (19%)

Lung, non-target lesion† 121 (32%) 57 (29%)

Lymph node, non-target 
lesion† 61 (16%) 29 (15%)

Pattern of progression on previous sorafenib treatment

New extrahepatic lesion 153 (40%) 80 (41%)

New intrahepatic lesion 168 (44%) 88 (45%)

Growth of intrahepatic or 
extrahepatic lesions, or both 307 (81%) 156 (80%)

α-fetoprotein ≥400 ng/mL 162 (43%) 87 (45%)

Child-Pugh class‡

A 373 (98%) 188 (97%)

B 5 (1%) 6 (3%)

BCLC stage

A (early) 1 (<1%) 0

B (intermediate) 53 (14%) 22 (11%)

C (advanced) 325 (86%) 172 (89%)

(Table 1 continues in next column)

Regorafenib
(n=379)

Placebo
(n=194)

(Continued from previous column)
Liver cirrhosis (investigator 
assessed) 285 (75%) 144 (74%)

Aetiology of HCC§

Hepatitis B 143 (38%) 73 (38%)

Alcohol use 90 (24%) 55 (28%)

Hepatitis C 78 (21%) 41 (21%)

Unknown 66 (17%) 32 (16%)

Non-alcoholic 
steatohepatitis 25 (7%) 13 (7%)

Other 28 (7%) 10 (5%)

Number of target lesions (mRECIST)¶

1 67 (18%) 31 (16%)

2 175 (46%) 88 (45%)

3 68 (18%) 37 (19%)

4 43 (11%) 26 (13%)

5 19 (5%) 12 (6%)

Time from initial HCC 
diagnosis to start of study 
treatment, months

Median (IQR) 21 (11–38) 20 (12–32)

Mean (SD) 29 (28) 27 (22)

Duration of sorafenib 
treatment, months 7·8 (4·2–14·5) 7·8 (4·4–14·7)

Time from progression on 
sorafenib to start of study 
treatment, months

1·4 (0·9–2·3) 1·4 (0·9–2·2)

Time from discontinuation of 
sorafenib to start of study 
treatment, months

0·9 (0·7–1·3) 0·9 (0·7–1·3)

Data are n (%) or median (IQR), unless otherwise specifi ed. BCLC=Barcelona Clinic 
Liver Cancer. ECOG=Eastern Cooperative Oncology Group. HCC=hepatocellular 
carcinoma. mRECIST=modifi ed RECIST for HCC. *Includes patients from China, Japan, 
South Korea, Singapore, and Taiwan. †RECIST version 1.1. ‡The Child-Pugh system 
describes liver disease severity: patients are divided into classes from A to C, with class 
C representing the worst prognosis. Child-Pugh class was missing in one patient in 
the regorafenib group. Those patients who progressed to Child-Pugh B after 
screening and before randomisation were included. §Patients could have more than 
one aetiology of HCC. ¶n=372 in the regorafenib group. 

Table 1: Baseline characteristics (effi  cacy population)
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Role of the funding source
The funder (Bayer) provided the study drug and worked 
with the principal investigator (JB) and the study steering 
committee to design the study. Data collection and 
interpretation, and preparation of this report, were done 
by the investigators and the funder. Statistical analyses 
were performed by the funder. All authors reviewed this 

report and approved the submission for publication, had 
full access to the data, and vouch for the completeness 
and accuracy of the data and adherence of the study to 
the protocol. The funder funded writing assistance.

Results
Between May 14, 2013, and Dec 31, 2015, 843 patients were 
screened, of whom 573 were enrolled and randomised 
(379 to regorafenib and 194 to placebo; population for 
effi  cacy analyses; fi gure 1). 216 patients (38%) were from 
Asia. Overall, 567 patients (99%) started treatment (374 in 
the regorafenib group and 193 in the placebo group) and 
comprise the safety analysis population. Treatment groups 
were similar with respect to baseline demographics, 
tumour burden, ECOG performance status, aetiology, and 
severity of liver disease (table 1). We also assessed the 
pattern of progression during sorafenib treatment because 
this parameter has been shown to infl uence outcomes 
and could distort the results of second-line studies.26 A 
potential imbalance in the pattern of progression on 
previous sorafenib was ruled out because the distribution 
of the diff erent categories was similar across the treatment 
groups. Specifi cally, the development of new extrahepatic 
sites during previous sorafenib, which was recently shown 
to be associated with a worse prognosis,26 was present in 
153 (40%) patients in the regorafenib group and 80 (41%) 
in the placebo group. Similarly, growth of existing lesions 
(intrahepatic or extrahepatic; 307 [81%] patients in the 
regorafenib group and 156 [80%] patients in the placebo 
group) or new intrahepatic sites (168 [44%] patients in the 
regorafenib group and 88 [45%] patients in the placebo 
group) were balanced between treatment groups.

Median time on sorafenib was 7·8 months 
(IQR 4·2–14·5) in the regorafenib group and 7·8 months 
(4·4–14·7) in the placebo group. Median time from 
progression on sorafenib was similar in both groups 
(1·4 months [IQR 0·9–2·3] in the regorafenib group 
vs 1·4 months [0·9–2·2] in the placebo group), as was the 
median time from discontinuation of sorafenib to the 
start of study treatment (0·9 months [IQR 0·7–1·3] in 
both groups).

Of patients who started treatment, 309 (83%) receiving 
regorafenib and 183 (95%) receiving placebo discontinued 
study treatment (fi gure 1). The most common reason for 
discontinuation was disease progression (226 [60%] in 
the regorafenib group and 162 [84%] in the placebo 
group). Median treatment duration was 3·6 months 
(IQR 1·6–7·6) with regorafenib and 1·9 months 
(1·4–3·9) with placebo; mean durations were 5·9 months 
(SD 6·0) and 3·3 months (3·9), respectively. Mean daily 
dose of regorafenib was 144·1 mg (SD 21·3) and of 
placebo was 157·4 mg (10·3). Excluding treatment delays 
or interruptions, almost half of the regorafenib group 
(184 [49%] of 374]) received the full protocol dose 
(160 mg/day) with no reductions.

At the cutoff  date for the fi nal analysis (Feb 29, 2016) and 
a median follow-up of 7·0 months (IQR 3·7–12·6), 

Figure 2: Kaplan-Meier analysis of overall survival (A), progression-free survival (mRECIST; B), and time to 
progression (mRECIST; C)
mRECIST=modifi ed RECIST for hepatocellular carcinoma.
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Hazard ratio
(95% CI)

n/events

Age group
 <65 years
 ≥65 years
Sex
 Male
 Female
Geographical region
 Asia
 Rest of world
ECOG score
 0
 1
AFP
 <400 ng/mL
 ≥400 ng/mL
Child-Pugh score
 A5
 A6
Extrahepatic disease
 No
 Yes
Macrovascular invasion
 No
 Yes
Extrahepatic disease, or macrovascular invasion, or both
 No
 Yes
Hepatitis B
 No
 Yes
Hepatitis C
 No
 Yes
Alcohol use
 No
 Yes

 315/205
 258/168

 504/327
 69/46

 216/142
 357/231

 377/231
 196/142

 324/194
 249/179

 362/222
 199/141

 161/103
 412/270

 409/259
 164/114

 107/68
 466/305

 357/238
 216/135

 454/295
 119/78

 428/273
 145/100

 0·65 (0·49–0·87)
 0·74 (0·54–1·02)

 0·65 (0·52–0·82)
 0·88 (0·48–1·62)

 0·65 (0·46–0·92)
 0·68 (0·52–0·90)

 0·61 (0·47–0·80)
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Age group
 <65 years
 ≥65 years
Sex
 Male
 Female
Geographical region
 Asia
 Rest of world
ECOG score
 0
 1
AFP
 <400 ng/mL
 ≥400 ng/mL
Child-Pugh score
 A5
 A6
Extrahepatic disease
 No
 Yes
Macrovascular invasion
 No
 Yes
Extrahepatic disease, or macrovascular invasion, or both
 No
 Yes
Hepatitis B
 No
 Yes
Hepatitis C
 No
 Yes
Alcohol use
 No
 Yes

 315/267
 258/207

 504/414
 69/60

 216/180
 357/294

 377/310
 196/164
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 249/212

 362/295
 199/170

 161/127
 412/347

 409/341
 164/133

 107/89
 466/385

 357/300
 216/174

 454/373
 119/101

 428/354
 145/120

 0·46 (0·36–0·59)
 0·51 (0·38–0·68)

 0·47 (0·39–0·58)
 0·55 (0·32–0·96)

 0·34 (0·25–0·47)
 0·54 (0·43–0·69)

 0·43 (0·34–0·54)
 0·62 (0·45–0·86)

 0·45 (0·35–0·58)
 0·53 (0·40–0·70)

 0·44 (0·34–0·56)
 0·56 (0·41–0·76)

 0·52 (0·36–0·75)
 0·47 (0·38–0·59)

 0·45 (0·36–0·56)
 0·55 (0·38–0·78)

 0·47 (0·30–0·73)
 0·49 (0·39–0·60)

 0·53 (0·41–0·67)
 0·39 (0·29–0·54)

 0·46 (0·37–0·57)
 0·59 (0·39–0·90)

 0·46 (0·37–0·57)
 0·53 (0·37–0·77)

1·00 2·01·50·5
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(Figure 3 continues on next page)
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373 (65%) of the 573 randomised patients had died 
(233 [61%] of 379 in the regorafenib group and 140 [72%] of 
194 in the placebo group). Median overall survival was 
10·6 months (95% CI 9·1–12·1) with regorafenib and 
7·8 months (6·3–8·8) with placebo (HR 0·63 [95% CI 
0·50–0·79]; one-sided p<0·0001; fi gure 2A). The 
improvement in overall survival with regorafenib was 
maintained in all preplanned subgroup analyses 
(fi gure 3A; appendix p 16).

Median progression-free survival by mRECIST was 
3·1 months (95% CI 2·8–4·2) with regorafenib and 
1·5 months (1·4–1·6) with placebo (fi gure 2B). Median 
time to progression by mRECIST was 3·2 months 
(95% CI 2·9–4·2) with regorafenib and 1·5 months 
(1·4–1·6) with placebo (fi gure 2C). Predefi ned subgroup 
analysis for progression-free survival and time to 
progression also showed a consistent benefi t 
(fi gures 3B,C). The HRs for progression-free survival and 
time to progression assessed by RECIST 1.1 were 
comparable (appendix pp 8–11).

Two patients (1% [95% CI <1–2]) in the regorafenib 
group versus no patients in the placebo group had a 
complete response and 38 patients (10% [7–14]) in the 

regorafenib group versus eight patients (4% [2–8]) in the 
placebo group had a partial response by mRECIST as 
assessed by investigators (table 2). 40 (11%) of 379 patients 
in the regorafenib group versus eight (4%) of 194 patients 
in the placebo group achieved an objective response 
(p=0·0047). 247 (65%) of 379 patients in the regorafenib 
group versus 70 (36%) of 194 patients in the placebo 
group achieved disease control (p<0·0001). A signifi cant 
improvement in tumour response and disease control 
was also shown using RECIST 1.1 (appendix p 16). 
Tumour shrinkage (any decrease in the sum of diameters 
of target lesions) was reported in 49% (184/379) of 
patients in the regorafenib group and 23% (44/194) of 
patients in the placebo group (appendix p 17). Duration 
of response and duration of stable disease are reported in 
the appendix (p 17). 

All (374/374) patients who received regorafenib and 
179 (93%) of 193 patients who received placebo had at least 
one treatment-emergent adverse event; these were deemed 
possibly study-drug related in 346 (93%) patients who 
received regorafenib and 100 (52%) patients who received 
placebo (table 3). The most common clinically relevant 
grade 3 or 4 events were hypertension (57 patients [15%] in 

Figure 3: Overall survival (A), progression-free survival (mRECIST; B), and time to progression (mRECIST; C) in selected subgroups
AFP=α-fetoprotein. ECOG=Eastern Cooperative Oncology Group. mRECIST=modifi ed RECIST.
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(95% CI)
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Child-Pugh score
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 A6
Extrahepatic disease
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 Yes
Macrovascular invasion
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 Yes
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Hepatitis B
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 Yes
Hepatitis C
 No
 Yes
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 315/252
 258/195

 504/390
 69/57

 216/170
 357/277

 377/293
 196/154

 324/248
 249/199

 362/282
 199/158

 161/122
 412/325

 409/321
 164/126

 107/84
 466/363

 357/284
 216/163

 454/351
 119/96

 428/334
 145/113

 0·45 (0·35–0·58)
 0·50 (0·37–0·68)

 0·47 (0·38–0·57)
 0·53 (0·30–0·93)

 0·34 (0·24–0·47)
 0·53 (0·41–0·67)

 0·42 (0·33–0·54)
 0·61 (0·44–0·84)

 0·43 (0·33–0·56)
 0·53 (0·40–0·71)

 0·43 (0·34–0·56)
 0·51 (0·37–0·71)

 0·51 (0·35–0·74)
 0·46 (0·37–0·58)

 0·45 (0·35–0·56)
 0·52 (0·36–0·75)

 0·46 (0·29–0·73)
 0·48 (0·38–0·59)
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the regorafenib group vs nine patients [5%] in the placebo 
group), hand–foot skin reaction (47 patients [13%] vs 
one [1%]), fatigue (34 patients [9%] vs nine patients [5%]), 
and diarrhoea (12 patients [3%] vs no patients). The 
frequency of hepatobiliary disorders was higher with 
placebo (18% [34/193]) than with regorafenib (11% 
[40/374]). Serious adverse events occurred in 166 (44%) 
patients assigned to regorafenib and 90 (47%) patients 
assigned to placebo and were attributed to study drug in 
39 (10%) patients assigned to regorafenib and fi ve (3%) 
patients assigned to placebo. Of the 88 deaths (grade 5 
adverse events) reported during the study (50 patients 
[13%] assigned to regorafenib and 38 [20%] assigned to 
placebo), seven (2%) were considered by the investigator to 
be related to study drug in the regorafenib arm and two 
(1%) in the placebo arm, including two patients (1%) with 
hepatic failure in the placebo group (appendix p 18). 
21 (6%) of 374 patients in the regorafenib group had 
grade 3 or higher treatment-emergent bleeding events 
versus 15 (8%) of 193 patients in the placebo group 
(appendix p 18). 255 (68%) of 374 patients in the regorafenib 
group had interruptions or dose reductions due to adverse 
events versus 60 (31%) of 193 patients in the placebo group. 
Similarly, 93 (25%) of 374 patients in the regorafenib group 
discontinued due to adverse events versus 37 (19%) of 
193 patients in the placebo group. Drug-related adverse 
events led to interruptions or dose reductions in 202 (54%) 
patients in the regorafenib group and 20 (10%) patients in 
the placebo group, and to discontinuations in 39 (10%) 
patients in the regorafenib group and seven (4%) patients 
in the placebo group. The most common adverse events 
leading to discontinuation more frequently with 
regorafenib were increase in AST concentration (eight [2%] 
of 374 patients in the regorafenib group vs three [2%] of 

193 patients in the placebo group), hand–foot skin reaction 
(seven [2%] vs none), and ALT increase (four [1%] vs none).

No clinically meaningful diff erences were noted 
between the regorafenib and placebo groups in HRQoL. 
Overall changes from baseline in EQ-5D and FACT-Hep 
were similar in the two groups. In the LSM time-adjusted 
AUC analysis of the EQ-5D and FACT-Hep, the scores 
were lower in the regorafenib group than in the placebo 
group, and specifi cally the scores of the FACT-Hep Total 
and Trial Outcome Index (a subscale of the FACT-Hep) 
were statistically lower in the regorafenib group than in 
the placebo group (p=0·0006 and p<0·0001, respectively); 
however, minimally important thresholds for the 
diff erences as established in the literature were not met 
(appendix p 19).24,25

Discussion
Our study shows that regorafenib provides a signifi cant 
and clinically meaningful improvement in overall 
survival in patients with HCC progressing during 
sorafenib treatment. This fi nding was associated with an 
increase in median survival from 7·8 months to 
10·6 months. This survival benefi t was maintained in the 
prespecifi ed subgroup analyses, including geographical 
region and aetiology, and was accompanied by signifi cant 
improvements in progression-free survival, time to 
progression, and objective response, and disease control 
rate. Two patients treated with regorafenib had a 
complete tumour response by mRECIST, which excludes 
necrosis of the target lesion from the tumour 
measurement. These responses would also have been 
classifi ed as complete using conventional European 
Association for the Study of the Liver criteria.27 
Interestingly, we noted similar outcomes using 
mRECIST and RECIST 1.1 for progression-free survival 
and time to progression.

The survival of the placebo group in our study is 
consistent with previous second-line studies in HCC at 
about 8 months.11–14 Use of fi ve stratifi cation factors 
ensured that the trial groups were fully balanced for 
commonly assessed patient and disease characteristics; 
however, we also analysed the distribution of patients 
across treatment groups according to the pattern of 
progression under sorafenib. Pattern of progression has 
recently been found to be a major factor aff ecting 
outcome and potentially confounding study results if not 
balanced across study groups.26 Although new 
intrahepatic sites or growth of known tumour lesions 
have been shown to have a moderate eff ect on post-
progression survival, the development of new vascular 
invasion or extrahepatic spread is a signifi cant predictor 
of a worse survival.26 Pattern of progression under 
previous sorafenib was balanced in this study.

All primary and secondary effi  cacy outcomes in this 
sorafenib pretreated population seem numerically better 
than those with sorafenib in the fi rst-line setting.4,5 This 
might be because regorafenib is more pharmacologically 

Regorafenib 
(n=379)

Placebo (n=194)

Best overall response*

Complete response 2 (1%; <1–2) 0

Partial response 38 (10%; 7–14) 8 (4%; 2–8)

Stable disease 206 (54%; 49–59) 62 (32%; 26–39)

Non-complete response/
non-progressive disease

1 (<1%; 0–2) 0

Progressive disease 86 (23%; 19–27) 108 (56%; 48–63)

Not evaluable 19 (5%; 3–8) 8 (4%; 2–8)]

Not assessed 27 (7%; 5–10) 8 (4%; 2–8)

Clinical progression† 86 (23%; 19–27) 40 (21%; 15–27)

Objective response 
(complete response + partial
response)*

40 (11%)‡ 8 (4%)‡

Disease control* 247 (65%)§ 70 (36%)§

Data are n (%; 95% CI). *Based on radiological review using modifi ed Response 
Evaluation Criteria in Solid Tumors for HCC (mRECIST).22 †Defi ned as worsening of 
ECOG performance status or symptomatic deterioration including increase in liver 
function tests. ‡One-sided p=0·0047. §One-sided p<0·0001. 

Table 2: Tumour response (effi  cacy population)
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active than is sorafenib,15 and could also be because 
tolerability to regorafenib was improved for patients 
tolerant to sorafenib due to the somewhat overlapping 
adverse-event profi les of the two drugs. As multikinase 
inhibitors, the antitumour activity of regorafenib and 
sorafenib could extend beyond their antiangiogenic 
properties to a direct eff ect on tumour and stromal cells 
that modulate infl ammatory and immune processes.28 

Recent phase 3 trials in HCC assessing multikinase 
inhibitors having profi les that partly overlap with 
regorafenib have failed to improve outcomes over 
sorafenib or versus placebo after sorafenib.6–8,11 The 
results of this study suggest that the sequential use of 
two multikinase inhibitors with partly overlapping target 
profi les provides a survival benefi t in HCC. Regorafenib 
has been shown to improve survival in patients with 
gastrointestinal stromal tumours after failure of 
two multikinase inhibitors (imatinib and sunitinib).19

This study was designed to assess a new systemic 
treatment for patients with HCC progressing on fi rst-
line therapy and incorporated lessons from previous 
phase 3 trials that failed to meet their primary endpoint.6–14 
Only patients with Child-Pugh A liver function were 
included to avoid the potential confounding eff ect of 
impaired liver function on survival. To ensure that 
treatment groups were balanced with respect to relevant 
prognostic factors, randomisation was stratifi ed by 
α-fetoprotein concentrations and ECOG performance 
status. However, unlike in previous studies,4,11 
macrovascular invasion and extrahepatic disease were 
separate stratifi cation factors. We also stratifi ed for 
geographical region because of diff erences in access to 
cancer care and the use of locoregional therapies. 
Although the trial was not stratifi ed for aetiology, 
geographical region accounts partly for the aetiology of 
HCC because hepatitis B virus infection is the 

Treatment-emergent Treatment-emergent drug-related

Regorafenib (n=374) Placebo (n=193) Regorafenib (n=374) Placebo (n=193)

Any grade Grade 3 Grade 4 Any grade Grade 3 Grade 4 Any grade Grade 3 Grade 4 Any grade Grade 3 Grade 4

Any adverse event 374 (100%) 208 (56%) 40 (11%) 179 (93%) 61 (32%) 14 (7%) 346 (93%) 173 (46%) 14 (4%) 100 (52%) 31 (16%) 1 (1%)

Hand–foot skin reaction 198 (53%) 47 (13%) NA 15 (8%) 1 (1%) NA 196 (52%) 47 (13%) NA 13 (7%) 1 (1%) NA

Diarrhoea 155 (41%) 12 (3%) 0 29 (15%) 0 0 125 (33%) 9 (2%) 0 18 (9%) 0 0

Fatigue 151 (40%) 34 (9%) NA 61 (32%) 9 (5%) NA 110 (29%) 24 (6%) NA 37 (19%) 3 (2%) NA

Hypertension 116 (31%) 56 (15%) 1 (<1%) 12 (6%) 9 (5%) 0 87 (23%) 48 (13%) 1 (<1%) 9 (5%) 6 (3%) 0

Anorexia 116 (31%) 10 (3%) 0 28 (15%) 4 (2%) 0 88 (24%) 10 (3%) 0 12 (6%) 0 0

Increased blood bilirubin 108 (29%) 37 (10%) 2 (1%) 34 (18%) 15 (8%) 6 (3%) 70 (19%) 24 (6%) 1 (<1%) 7 (4%) 4 (2%) 0

Abdominal pain 105 (28%) 13 (3%) NA 43 (22%) 8 (4%) NA 34 (9%) 5 (1%) NA 5 (3%) 0 NA

Increased AST 92 (25%) 37 (10%) 4 (1%) 38 (20%) 19 (10%) 3 (2%) 48 (13%) 16 (4%) 3 (1%) 15 (8%) 9 (5%) 1 (1%)

Fever 72 (19%) 0 0 14 (7%) 0 0 14 (4%) 0 0 4 (2%) 0 0

Nausea 64 (17%) 2 (1%) NA 26 (13%) 0 NA 40 (11%) 1 (<1%) NA 13 (7%) 0 NA

Constipation 65 (17%) 1 (<1%) 0 22 (11%) 1 (1%) 0 24 (6%) 0 0 3 (2%) 0 0

Ascites 58 (16%) 16 (4%) 0 31 (16%) 11 (6%) 0 8 (2%) 3 (1%) 0 1 (1%) 1 (1%) 0

Anaemia 58 (16%) 16 (4%) 2 (1%) 22 (11%) 10 (5%) 1 (1%) 23 (6%) 5 (1%) 1 (<1%) 2 (1%) 1 (1%) 0

Limb oedema 60 (16%) 2 (1%) NA 24 (12%) 0 NA 12 (3%) 1 (<1%) NA 1 (1%) 0 NA

Increased ALT 55 (15%) 10 (3%) 2 (1%) 22 (11%) 5 (3%) 0 29 (8%) 6 (2%) 2 (1%) 8 (4%) 2 (1%) 0

Hypoalbuminaemia 57 (15%) 6 (2%) 0 16 (8%) 1 (1%) 0 9 (2%) 2 (1%) 0 0 0 0

General disorders and 
administration site 
conditions, other

53 (14%) 16 (4%) 2 (1%) 29 (15%) 6 (3%) 3 (2%) 8 (2%) 5 (1%) 0 2 (1%) 1 (1%) 0

Weight loss 51 (14%) 7 (2%) NA 9 (5%) 0 NA 27 (7%) 4 (1%) NA 3 (2%) 0 NA

Oral mucositis 47 (13%) 4 (1%) 0 6 (3%) 1 (1%) 0 42 (11%) 4 (1%) 0 5 (3%) 1 (1%) 0

Vomiting 47 (13%) 3 (1%) 0 13 (7%) 1 (1%) 0 27 (7%) 1 (<1%) 0 5 (3%) 0 0

Investigations, other 40 (11%) 4 (1%) 0 11 (6%) 1 (1%) 0 18 (5%) 1 (<1%) 0 0 0 0

Back pain 42 (11%) 6 (2%) 1 (<1%) 17 (9%) 2 (1%) 0 2 (1%) 1 (<1%) 0 2 (1%) 0 0

Thrombocytopenia 39 (10%) 13 (3%) 1 (<1%) 5 (3%) 0 0 19 (5%) 7 (2%) 1 (<1%) 2 (1%) 0 0

Cough 40 (11%) 1 (<1%) NA 14 (7%) 0 NA 4 (1%) 0 NA 2 (1%) 0 NA

Hypophosphataemia 37 (10%) 30 (8%) 2 (1%) 4 (2%) 3 (2%) 0 22 (6%) 16 (4%) 2 (1%) 2 (1%) 1 (1%) 0

Hoarseness 39 (10%) 0 NA 1 (1%) 0 NA 34 (9%) 0 NA 0 0 NA

Data are n (%). Adverse events were graded using NCI-CTCAE version 4.03. ALT=alanine aminotransferase. AST=aspartate aminotransferase. NA=not applicable. NCI-CTCAE=National Cancer Institute Common 
Terminology Criteria for Adverse Events. *Events listed are treatment-emergent adverse events occurring in at least 10% of patients in either treatment group. 

Table 3: Treatment-emergent adverse events and treatment-emergent drug-related adverse events* (safety population)
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predominant underlying cause of HCC in most Asian 
countries.

The safety of regorafenib in HCC in this study is 
consistent with the safety profi le of regorafenib in other 
gastrointestinal malignancies, and with no new safety 
concerns.18,19 The most common grade 3 or 4 adverse 
events included hypertension, hand–foot skin reaction, 
fatigue, and diarrhoea. Exclusion of patients who were 
unable to tolerate sorafenib could have reduced the 
occurrence of severe adverse events; 10% of patients 
discontinued treatment due to a regorafenib-related 
adverse event. Although underlying liver dysfunction is 
expected to be more common in patients with HCC, the 
rates of liver-related adverse events and liver failure in the 
regorafenib group were not higher in this study compared 
with in other regorafenib trials.18,19 In this study, the only 
two cases of drug-related death due to liver failure 
occurred in the placebo group. Although adverse events 
in the regorafenib group led to higher rates of treatment 
interruptions and dose reductions than did those in the 
placebo group, the median treatment duration was longer 
with regorafenib than with placebo. Assessments using 
standard, validated measures of quality of life in patients 
with hepatobiliary cancer showed no clinically meaningful 
diff erences between the groups.

Although biomarker-based treatment decisions have 
become standard of care in certain tumour types, no 
baseline markers predictive of treatment benefi t have been 
identifi ed for patients with HCC.29,30 Exploratory studies 
have suggested that there is an association between certain 
adverse events, most notably hand–foot skin reaction, and 
overall survival and time to progression.31 However, 
because this approach is based on post-randomisation 
events, it does not inform the selection of patients who 
could derive a greater treatment benefi t.

A potential limitation of the study is that it was 
undertaken in patients who progressed during previous 
sorafenib treatment, and therefore fi rm conclusions 
about the effi  cacy of regorafenib in patients who do not 
tolerate  sorafenib cannot be drawn. In addition, special 
populations, such as patients co-infected with HIV, are 
not included here.

The results of this study represent a signifi cant advance 
in addressing an unmet need in the treatment of HCC. All 
previous second-line trials of novel agents have failed;11–14 
thus no eff ective systemic therapies after progression on 
sorafenib are currently available. These data underscore 
that prolonging exposure to multikinase inhibitors such as 
the sequence of sorafenib and regorafenib in conjunction 
with proper management of adverse events can lead to an 
extension in survival. In conclusion, this study met its 
primary endpoint showing that regorafenib improves 
overall survival in patients with HCC who had disease 
progression during fi rst-line treatment with sorafenib.
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Purpose: To assess the ability of fast-kilovolt-peak switching dual-
energy computed tomography (CT) by using the multimate-
rial decomposition (MMD) algorithm to quantify liver fat.

Materials and 
Methods:

Fifteen syringes that contained various proportions of swine 
liver obtained from an abattoir, lard in food products, and 
iron (saccharated ferric oxide) were prepared. Approval of 
this study by the animal care and use committee was not 
required. Solid cylindrical phantoms that consisted of a poly-
urethane epoxy resin 20 and 30 cm in diameter that held the 
syringes were scanned with dual- and single-energy 64-sec-
tion multidetector CT. CT attenuation on single-energy CT 
images (in Hounsfield units) and MMD-derived fat volume 
fraction (FVF; dual-energy CT FVF) were obtained for each 
syringe, as were magnetic resonance (MR) spectroscopy 
measurements by using a 1.5-T imager (fat fraction [FF] of 
MR spectroscopy). Reference values of FVF (FVFref) were 
determined by using the Soxhlet method. Iron concentra-
tions were determined by inductively coupled plasma optical 
emission spectroscopy and divided into three ranges (0 mg 
per 100 g, 48.1–55.9 mg per 100 g, and 92.6–103.0 mg per 
100 g). Statistical analysis included Spearman rank correla-
tion and analysis of covariance.

Results: Both dual-energy CT FVF (r = 0.97; P , .001) and CT at-
tenuation on single-energy CT images (r = 20.97; P , .001) 
correlated significantly with FVFref for phantoms without 
iron. Phantom size had a significant effect on dual-energy 
CT FVF after controlling for FVFref (P , .001). The re-
gression slopes for CT attenuation on single-energy CT im-
ages in 20- and 30-cm-diameter phantoms differed signifi-
cantly (P = .015). In sections with higher iron concentrations, 
the linear coefficients of dual-energy CT FVF decreased  
and those of MR spectroscopy FF increased (P , .001).

Conclusion: Dual-energy CT FVF allows for direct quantification of fat 
content in units of volume percent. Dual-energy CT FVF 
was larger in 30-cm than in 20-cm phantoms, though the 
effect of object size on fat estimation was less than that of 
CT attenuation on single-energy CT images. In the pres-
ence of iron, dual-energy CT FVF led to underestimateion 
of FVFref to a lesser degree than FF of MR spectroscopy 
led to overestimation of FVFref.

q RSNA, 2016
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decrease in patients who are larger in 
size, which would require normalization 
by attenuation of the spleen (15,16).

Multimaterial decomposition (MMD),  
developed for fast kilovolt-peak-switching 
dual-energy CT (17), is a technique that 
can discriminate among two or more 
different materials simultaneously. This 
method displays fat volume fraction 
(FVF) images, which enables quantitative 
and visual assessment of the fat content 
in the liver. Additionally, projection-based 
methods at dual-energy CT are in prin-
ciple more effective for beam-hardening 
correction (18), which suggests that the 
MMD technique may be less affected by 
body size than single-energy CT, as in vir-
tual monochromatic images.

The purpose of this phantom study 
was to assess the ability of fast-kilovolt-
peak switching dual-energy CT by using 
the MMD algorithm to quantify liver 
fat. The susceptibility to object size and 
iron was investigated and compared 
with the results of single-energy CT and 
MR spectroscopy, respectively.

Materials and Methods

Three authors (P.L., K.S., and T.W.) 
are employees of GE, the manufacturer 
of the CT and MR imaging systems 
and the MMD software used in this 
study. The other authors, who are not 

liver transplantation (1). Although 
liver biopsy remains the reference 
standard for liver fat quantification, 
this method is associated with sam-
pling error, as a typical adult biopsy 
sample corresponds to just 0.002% 
of the entire liver (2). Moreover, liver 
biopsy is an invasive procedure (3), 
with complication rates ranging from 
0.6% to 18% (4–6).

Noninvasive imaging and assess-
ment of liver-fat concentration, there-
fore, is of increasing clinical interest 
(2,3). Current imaging-based fat-quan-
tification techniques include those 
associated with magnetic resonance 
(MR) imaging, ultrasonography (US), 
and computed tomography (CT), with 
MR methods considered optimal for 
liver-fat quantification (7). However, 
MR methods are acquisition time con-
suming (8,9); the imaging range per 
examination is narrower, and specific 
analyses, such as MR elastography, re-
quire additional data acquisition. Fur-
thermore, intrahepatic iron has been 
shown to reduce the accuracy of fat 
measurement (10,11).

Although US is widely used to assess 
hepatic steatosis, conventional B-mode 
US is less quantitative, with relatively 
poor interobserver and interequipment 
reproducibility (3,12). At conventional 
single-energy CT, liver fat is quantified 
with attenuation in Hounsfield units, a 
method based on an inverse relation-
ship between liver fat content and liver 
attenuation (3). However, CT attenua-
tion measurements are only semiquan-
titative (13), with liver fat concentration 
heuristically inferred. Moreover, CT at-
tenuation may be altered by the pres-
ence of iron and glycogen in the liver, 
the patient’s hematocrit, and drugs 
such as amiodarone (14). Because of 
beam hardening, which results from 
the polychromatic nature of the x-ray 
beam, CT attenuation of the liver can 
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Advances in Knowledge

 n The multimaterial decomposition 
(MMD) algorithm allows for 
direct quantification of fat con-
tent in units of volume percent 
by using dual-energy (DE) CT 
data, with linear coefficients 
against a reference standard for 
20- and 30-cm-diameter phan-
toms in the absence of iron of 
0.93 and 0.92 (P , .001 each).

 n Cylindrical phantom size had a 
significant effect on MMD-
derived fat volume fraction (FVF) 
after controlling for reference 
values of FVF (FVFref) (P , 
.001), and DE CT FVF for the 
30-cm phantom was similar to 
FVFref and was about 5% larger 
than was the 20-cm phantom at 
any level of FVFref.

 n The linear regression slopes for 
CT attenuation on single-energy 
CT images in the 20- and 30-cm-
diameter phantoms differed sig-
nificantly (P = .015), and the 
y-intercept was larger for the 
20-cm than for the 30-cm phan-
tom (78 HU and 71 HU); the dif-
ference of CT attenuation on sin-
gle-energy CT images was 
smaller at higher FVFref.

 n The presence of iron reduced DE 
CT FVF (linear correlation coeffi-
cients [LCC] for iron concentra-
tions of 0 mg per 100 g, 48.1–
55.9 mg per 100 g, and 
92.6–103.0 mg per 100 g for a 
30-cm phantom were 0.92, 0.88, 
and 0.87; P , .001) while it 
increased fat fraction (FF) esti-
mated by MR spectroscopy (LCC 
for iron concentrations of 0 mg 
per 100 g, 48.1–55.9 mg per 100 
g, and 92.6–103.0 mg per 100 g 
were 1.09 [P = .012], 1.19 [P = 
.001], and 1.66 [P , .001]), with 
a smaller effect for DE CT FVF 
than for FF of MR spectroscopy.

Implication for Patient Care

 n The results of this study may 
have clinical utility for noninva-
sive diagnosis, treatment, and 
monitoring of patients with fatty 
livers by using DE CT.

Q uantification of fat content in 
the liver is important when as-
sessing fatty liver disease and 

when selecting donors for living donor 
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and the specific gravity of the contents 
of each syringe. Iron concentrations 
were measured by using inductively 
coupled plasma optical emission spec-
troscopy (Vista-Pro, Agilent Technol-
ogies, Tokyo, Japan; measuring pre-
cision, 0.1 mg per 100 g). Syringes 
numbered 5, 10, and 15 were excluded 
from the study because they appeared 
to be heterogeneous at CT imaging (Fig 
1c and 1d) and at three-dimensional 
fast spoiled gradient-recalled-echo MR 
imaging (Fig 2a).

CT Acquisition and Image Analysis
Cylindrical phantoms (diameter, 20 cm 
and 30 cm) that contained the syringes 
were scanned by using fast-kilovolt-peak 
switching dual-energy CT (80 and 140 
kVp) and conventional single-energy 
CT (120 kVp) with a 64-section multi-
detector CT scanner (Discovery CT750 
HD; GE Healthcare, Milwaukee, Wis). 
In both scanning modes, data sets were 
acquired with helical scanning (gantry 
rotation speed, 0.5; detector configu-
ration, 0.625 3 64 mm; helical pitch, 
1.375). Tube current and CT dose index 
volume were 640 mA and 15.64 mGy, 
respectively, for the dual-energy mode, 
and 500 mA and 13.82 mGy, respec-
tively, for the single-energy mode.

FVF images of 5-mm thickness were 
generated from dual-energy CT data at 
a local workstation (AW VolumeShare 
5; GE Healthcare) by using MMD soft-
ware currently not commercially avail-
able (GE Healthcare), shown in Figure 
1c (17). The MMD algorithm quantifies 
liver fat by two-material decomposition 
by using fat and healthy liver tissue as 
the material pair. The output of the 
MMD algorithm consists of FVF images 
in units of volume percent, and each 
voxel in the FVF image represents that 
voxel’s volume percentage of fat.

MMD-based FVF (dual-energy CT 
FVF, in percent) measurements were 
made by placing a region of inter-
est (cross-sectional area, 236.6 mm2; 
689 voxels) on three contiguous FVF 
sections within the area that corre-
sponded to the syringe at a workstation 
(AW VolumeShare 5; GE Healthcare). 
The size of the regions of interest was 
kept constant among all sections and 

quantum interference device (19) was 
reported to be less than 40 mg per 100 
g of liver (wet weight) in healthy indi-
viduals and 60.6 mg per 100 g of liver 
(wet weight) 6 46.4 (standard devia-
tion) in patients with nonalcoholic fatty 
liver disease (20). After measuring the 
weight of 100 mL of each mixture to 
determine its specific gravity, 15 plastic 
syringes were filled with the mixtures 
and inserted into holes in a cylindrical 
phantom (Kyoto Kagaku, Kyoto, Ja-
pan) at CT scanning. The cylindrical 
phantom, made from water-equivalent 
material (ToughWater, Kyoto Kagaku; 
consisting of a polyurethane epoxy 
resin), was 30 cm in diameter and 8 
cm in length; however, it contained a 
removable outer ring, which effectively 
created a smaller phantom with a diam-
eter of 20 cm. Each phantom had five 
holes, or inserts, 20 mm in diameter 
(Fig 1a and 1b). Immediately after CT 
scanning, the same 15 syringes were 
used in MR data acquisition. Reference 
values for the amounts of fat and iron 
in each syringe were determined by 
Japan Food Research Laboratory. FV-
Fref was calculated from the results of 
the Soxhlet extraction method (21,22) 
(measuring precision, 0.1 g per 100 g) 

GE employees, had control of the data 
and information that might present 
a conflict of interest for the employee 
authors.

Swine Liver Phantom
The animal care and use committee of 
Kindai University Faculty of Medicine, 
Osaka, Japan, did not require their ap-
proval for the study. Liver from a freshly 
slaughtered swine obtained from an 
abattoir was homogenized and deaer-
ated with a vacuum deaerator for 20 
minutes at room temperature. Fifteen 
mixtures that contained varying pro-
portions of the swine liver, lard (Pure 
Lard, Megmilk Snow Brand, Sapporo, 
Japan; specific gravity, 0.8), and iron 
(saccharated ferric oxide, Fesin, Nichi-
Iko, Toyama, Japan; 20 mg of iron per 
milliliter; 40 mg of iron per 2 mL am-
pule) were prepared and again deaerat-
ed until air bubbles were undetectable 
for 5–20 minutes (longer times were 
needed for the mixtures that contained 
more fat) (Table 1). Iron content for 
mixtures was intended to be at roughly 
three levels (see Statistical Analysis) to 
a maximum of about 100 mg per 100 g 
because iron content measured by bio-
magnetometry with a superconducting 

Table 1

Material Composition of the Syringes

Syringe No.

Preparation Measured Reference Value

Pig Liver (mL) Lard (mL) Iron* (mg) FVF (%) Iron (mg per 100 g)

1 90 0 0 3 0
2 80 10 … 12 0
3 70 20 … 23 0
4 60 30 … 33 0
5 40 50 … 58 0
6 90 0 40 3 48.1
7 80 10 … 12 51.5
8 70 20 … 23 51.0
9 60 30 … 33 51.9
10 40 50 … 58 55.9
11 90 0 80 3 92.6
12 80 10 … 13 95.1
13 70 20 … 23 98.2
14 60 30 … 32 101.0
15 40 50 … 62 103.0

Note.—Measured reference values of fat are reported as the reference values of FVF (FVFref) in our study.

* Saccharated iron oxide (20 mg of iron per milliliter) diluted with distilled water (total volume, 10 mL).
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Statistical Analysis
Statistical software (R Package version 
2.12.0; R Foundation for Statistical 
Computing, Vienna, Austria) was used 
for statistical analysis (24). A P value 
less than .05 was considered to indi-
cate statistical significance. To com-
pare the effects of phantom size on the 
results of dual-energy CT and single-
energy CT, the relationships between 
CT measurements (dual-energy CT 
FVF and Hounsfield unit single-energy 
CT in each of the two phantom sizes) 
and FVFref for the syringes without 
iron (numbered 1–4 in Table 1) were 
assessed by using Spearman rank cor-
relation coefficient (r) and linear re-
gression analyses. The regression lines 
for both phantom sizes were assessed 
by analysis of covariance to determine 
if beam hardening had statistically sig-
nificant effects on measurements at 
single-energy CT and dual-energy CT.

To assess the influence of iron on 
fat measurements made by using dual-
energy CT and MR spectroscopy, the 
linear regression lines for dual-energy 
CT FVF and FF of MR spectroscopy 
were compared by using analysis of 
covariance at three levels of iron, and 
syringes 1–4, 6–9, and 11–14 (Table 1) 
contained iron concentrations of 0 mg 
per 100 g, 48.1–55.9 mg per 100 g, and 
92.6–103.0 mg per 100 g, respectively.

Results

Table 1 shows reference values for the 
amounts of fat and iron in the syringes. 
Syringes without lard (syringe number 
1, 6, and 11) contained FF of 3%. Figure 
3 shows the influence of the size of the 
cylindrical phantom on the relationship 
between FVFref of syringes numbered 
1–4 and the corresponding CT measure-
ments (dual-energy CT FVF and CT at-
tenuation on single-energy CT images). 
For both phantom sizes, FVFref positively 
correlated with dual-energy CT FVF (r 
= 0.97; P , .001) (Fig 3a), whereas it 
negatively correlated with CT attenu-
ation on single-energy CT images (r = 
20.97; P , .001) (Fig 3b). Analysis of 
covariance showed that phantom size 
had a significant effect on dual-energy 
CT FVF after controlling for FVFref  

on each phantom syringe measured 15 
3 15 3 15 mm3. The acquisition pa-
rameters were as follows: echo time, 
28 msec; one signal average; and spec-
tral width, 2500 Hz with 2048 sampling 
points. No dummy radiofrequency ex-
citation was applied. The areas of the 
fat and water peaks were measured on 
each acquired spectrum. Fat fraction 
(FF) was calculated from the results of 
MR spectroscopy (FF of MR spectros-
copy, in percent) by using the following 
equation: FF of MR spectroscopy = fat 
peak area/(a 3 water area + fat peak 
area) (Fig 2b), where a = 0.83 and is 
the calibration factor obtained from 
standard curves (Appendix E1 [online]).

syringes by applying the copy-and-paste 
function. The individual data points 
were used in analyses. CT attenuation 
(single-energy CT in Hounsfield units) 
was similarly obtained on single-energy 
CT images, which also had a section 
thickness of 5 mm (Fig 1d).

MR Spectroscopy
MR imaging and proton spectroscopy 
were performed on the 15 syringes 
by using a 1.5-T clinical imager (Signa 
HDxt; GE Healthcare) with a 12-chan-
nel head coil (Fig 2a). Single-voxel MR 
spectroscopy data were collected by 
single shot-point-resolved spectroscopy 
without water saturation (23). A voxel 

Figure 1

Figure 1: Phantoms for CT. (a) Schematic of the phantom holder. The whole thing is composed of water-
equivalent material. The outer ring (shaded area) is removable. (b) Photograph of the phantom. (c) FVF image 
from dual-energy CT data and (d) standard single-energy CT (120-kVp) images. Numbers in c and d repre-
sent the syringe numbers shown in Table 1. Syringe number 5 demonstrated an attenuation that appeared to 
be heterogeneous.
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similarly strong correlations with FV-
Fref, one advantage of the MMD method 
over CT attenuation in single-energy 
CT is the ability of the former to di-
rectly measure fat content in units of 
volume percent. In addition, dual-ener-
gy CT FVF was expected to be more 
susceptible to cylindrical phantom size 
(a surrogate for patient body size) than 
CT attenuation on single-energy CT 
images. We found, however, that dual-
energy CT FVF was larger and CT at-
tenuation on single-energy CT images 
was smaller in 30-cm than in 20-cm 
phantoms, which indicated that both 
the MMD method and single-energy 
CT were affected by beam hardening. 
One reason is that material decompo-
sition images are based on two differ-
ent polychromatic x-ray beams, each of 
which has a different degree of beam 
hardening. However, CT attenuation on 
single-energy CT images might be more 
affected by beam hardening than dual-
energy CT FVF because CT attenuation 
on single-energy CT images for the 30-
cm phantom was closer to CT attenu-
ation on single-energy CT images for 
the 20-cm phantom at higher FVFref. It 

CT FVF for 20- and 30-cm (diameter) 
phantoms and FF of MR spectroscopy for 
all three ranges (P , .001; Table 2). At an 
iron concentration of 0 mg per 100 g, the 
linear coefficients of dual-energy CT FVF 
for 20- and 30-cm (diameter) phantoms 
and FF of MR spectroscopy were ap-
proximately 1.00 (0.93, 0.92, and 1.09, 
respectively; respective P values were 
,.001, ,.001, and .012) and the regres-
sion lines were close to one another (Fig 
4a). At higher concentrations of iron, 
the linear coefficients for dual-energy CT 
FVF decreased and the linear coefficients 
for FF of MR spectroscopy increased, 
which resulted in the further separation 
of the regression lines for dual-energy CT 
FVF and FF of MR spectroscopy. Within 
each range, dual-energy CT FVF led to 
underestimation of FVFref to a lesser de-
gree than FF of MR spectroscopy led to 
overestimation of FVFref at higher FVFref 
(Fig 4b and 4c).

Discussion

Although dual-energy CT FVF (r = 
0.96) and CT attenuation on single-
energy CT images (r = 20.96) showed 

(P , .001). The adjusted mean was sig-
nificantly higher for the 30-cm than for 
the 20-cm-diameter phantom (18.3 vs 
15.5, respectively; P , .001). The scat-
terplot with regression lines showed that 
dual-energy CT FVF for the 30-cm phan-
tom was similar to FVFref and was about 
5% larger than for the 20-cm phantom 
at any level of FVFref (Fig 3a). Analysis of 
covariance for CT attenuation on single-
energy CT images yielded a significant 
difference between the slopes of 20- and 
30-cm (diameter) phantoms (P = .015); 
y-intercept was larger for the 20-cm 
than for the 30-cm phantom (78 HU and 
71 HU, respectively), and the difference 
in CT attenuation on single-energy CT 
images was smaller at higher FVFref (eg, 
28 HU and 23 HU, respectively, at FVFref 
of 30%) (Fig 3b).

Dual-energy CT FVF for both phan-
tom sizes and FF of MR spectroscopy 
as a function of FVFref were plotted for 
three ranges of iron concentration (0 
mg per 100 g, 48.1–55.9 mg per 100 g, 
and 92.6–103.0 mg per 100 g; Fig 4) and 
fit by using linear regression (Table 2).  
Analysis of covariance showed significant 
differences in slopes among dual-energy 

Figure 2

Figure 2: (a) MR image of liver fat phantom by three-dimensional fast spoiled gradient-recalled-echo sequence (repetition time 
[msec]/echo time [msec], 50.8/3.5; flip angle, 10°; echo time interval, 6 msec; eight echoes; bandwidth, 31.3k Hz; 256 3 256 matrix). 
(b) Graph shows examples of MR spectroscopy (syringes 1–4). Ppm = parts per million.

－142－



386 radiology.rsna.org n Radiology: Volume 282: Number 2—February 2017

EXPERIMENTAL STUDIES: Quantification of Liver Fat Content with Fast-Kilovolt-Peak Switching Dual-Energy CT Hyodo et al

for assessment of patients with more 
liver fat and who had iron deposition 
in their livers, including patients with 
chronic hepatic diseases and hemo-
chromatosis. Meanwhile, MMD soft-
ware could be affected by iron deposi-
tion and patient body size. Specifically, 
liver fat content may be underesti-
mated in a small patient with high iron 
content in the liver, as also shown by 
the CT attenuation value at single-en-
ergy CT (27).

The overall accuracy of MMD can 
be improved by augmenting the al-
gorithm to account for the presence 
of iron (and any other confounding 
materials) in the liver parenchyma 
(17). However, accounting for iron 
in the context of fat quantification is 
challenging. First, initial experiments 
during MMD software development 
indicated that fat, healthy liver tis-
sue, and iron all lie along the same 
line or direction in linear attenua-
tion space (Fig E1 [online]). Three 

than 100 mg per 100 g of liver (wet 
weight) was defined as the criterion 
for hereditary hemochromatosis, and 
severe iron overload (.350 mg per 
100 g liver wet weight) resulted in clin-
ically relevant liver damage (25). Sy-
ringes that contained more lard also 
contained more iron per unit volume, 
which accentuated the effects of iron 
when iron concentrations were 48.1–
55.9 mg per 100 g and 92.6–103.0 
mg per 100 g. However, our phantom 
study indicated that the presence of 
iron decreased measured fat content 
measured by the MMD method while it 
increased fat content measured by MR 
spectroscopy, and the latter validated 
the results of previous studies (26).

Linear regression analysis and 
analysis of covariance suggested that 
MR spectroscopy and MMD leads 
to overestimation and underestima-
tion, respectively, of liver fat volume, 
and that MR spectroscopy may yield 
more errors than the MMD method 

should be considered that the essen-
tial difference between dual-energy 
CT and single-energy CT is difficult to 
determine by using clinical equipment 
because beam-hardening correction is 
optimized in each system. An analysis 
of covariance showed that regardless 
of FVFref, dual-energy CT FVF in 30-cm 
(diameter) phantom was higher than 
in 20-cm phantom. Because patients 
who undergo liver fat quantification 
usually have larger body size, it would 
be acceptable that dual-energy CT FVF 
in 30-cm phantom was closer to FVFref 
than in 20-cm phantom.

The use of inductively coupled 
plasma optical emission spectroscopy 
ensured that the amount of iron (0–
103.0 mg per 100 g) in the phantoms 
varied from that observed in healthy 
patients to that observed in pathologic 
states, including in patients with non-
alcoholic fatty liver disease, although 
liver iron concentration may be higher 
in other diseases. For example, greater 

Figure 3

Figure 3: Scatterplots of FVF
ref

 versus CT measurements for the fatty liver phantoms without iron. The red and blue lines rep-
resent the regression lines for the 20- and 30-cm-diameter cylindrical phantoms, respectively. Spearman correlation coefficients 
and associated P values are shown. (a) Scatterplot of the data and regression lines for the FVF measured by using dual-energy CT 
(FVF

DECT  
). (b) Scatterplot of the data and regression lines for the CT attenuation at single-energy CT (HU

SECT  
).
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Figure 4

Figure 4: (a–c) Linear regression relationships between FVF
ref

 and FVF measured with dual-energy CT FVF (FVF
DECT 

; DECT ) and FF of MR spectroscopy (FF
MRS 

; 
MRS) for each range of iron concentration (a, 0 mg per 100 g; b, 48.1–55.9 mg per 100 g; c, 92.6–103.0 mg per 100 g). The red and blue lines represent the 
regression lines for dual-energy CT FVF in the 20- and 30-cm-diameter cylindrical phantoms, respectively. The green line represents the regression line for FF of 
MR spectroscopy.

Table 2

Comparison of the Slopes of Regression Lines of FVF

Iron Level 

Slope of Regression Lines of FVF

P Value*Linear Coefficient P Value

0 mg per 100 g ,.001
 Dual-energy CT 20 cm 0.93 ,.001
 Dual-energy CT 30 cm 0.92 ,.001
 MR spectroscopy 1.09 .012
48.1–55.9 mg per 100 g ,.001
 Dual-energy CT 20 cm 0.89 ,.001
 Dual-energy CT 30 cm 0.88 ,.001
 MR spectroscopy 1.19 .001
92.6–103.0 mg per 100 g ,.001
 Dual-energy CT 20 cm 0.80 ,.001
 Dual-energy CT 30 cm 0.87 ,.001
 MR spectroscopy 1.66 ,.001

Note.— MMD in dual-energy CT was measured in phantoms with diameters of 20 cm and 30 cm.

* P values reflect the homogeneity of regression slopes at within-iron levels.

materials lying along the same line is 
problematic because it is difficult to 
get a unique linear combination of 
the three materials. Second, iron is 
not the only heavy metal that can be 
found in the liver. For example, cop-
per, which accumulates in the liver in 
Wilson disease, has a similar atomic 
number to that of iron (respective 
atomic numbers, 29 and 26). Thus, 
it would be difficult to differentially 
quantify these two metals because the 
attenuation of x-ray beams would be 
similar. Whereas some publications 
indicated that iron can be quantified 
from fat and iodinated contrast agents 
in phantoms or animal models (28–
30), this work has not been extended 
to patients.

Other than the fast-kilovolt-peak 
switching approach, several techniques 
were proposed for dual-energy imaging 
(31). Because MMD is model based and 
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Hepatocellular carcinoma in cirrhosis is unique in oncology since
a definitive diagnosis based on non-invasive imaging can be used
without biopsy confirmation to determine even the most radical
therapies such as liver transplantation. Given the enormous
responsbility assigned to non-invasive imaging in guiding HCCman-
agement one would expect that there would be standardized termi-
nology in use throughout the world for describing the diagnostic
imaging criteria. Surprisingly, this is not the case. Different guide-
lines have adopted different terminology for assessing the temporal
enhancement characteristics of HCC. The adoption of different ter-
minology by different guidelines, even if intended to have similar
meaning, contributes to inconsistency in clinical care, causes confu-
sion in research, and is a barrier to progress in the field.

It is time to standardize the terminology for describing tem-
poral enhancement criteria, which will be suggested at the end
of the present editorial in line with recently published relevant
documents in this field.

A summary of the current guidelines and of the variance of
the terminology is useful to understand the potential causes of
variability and misunderstandings. Guidelines released by the
AASLD in 2005 [1] recognized the need to incorporate imaging
features from both the arterial phase and the subsequent
venous/delayed phase. This was done to help avoid false-positive
diagnosis of perfusion disturbances caused by arterioportal
shunting which also can manifest with hyperenhancement in the
arterial phase. The criteria for the diagnosis of HCC was a lesion

showing “arterial hypervascularity that washes out in the early
or delayed venous phase” [1]. The update of these guidelines in
2011 adopted the wording of “intense arterial uptake followed
by wash out in the venous-delayed phases” [2]. Although the
AASLD guidelines should be lauded for recognizing the impor-
tance of “washout”, the terminology advocated by the AASLD is
suboptimal. The term “hypervascularity” is ambiguous as it
encompasses multiple different pathophysiological alterations –
including number and size of vessels, type of vessels, quality of
their walls (fenestrated or not fenestrated sinusoids, capillariza-
tion), degree of vascular tone, etc. – most of which cannot be
assessed reliably by imaging. A descriptive term would be more
appropriate. In this sense, the usage of “intense arterial uptake”
in the 2011 update is an improvement [2], but remains subop-
timal for several reasons. In a liver with only arterial inflow and
no portal perfusion (e. g. a patient with reversal of portal flow
due to portal hypertension or TIPS), any part of the liver, including
benign parenchyma, has intense arterial “uptake”. Moreover, no
cancer and no part of the liver, literally takes up contrast agents
in the arterial phase. Even contrast agents that eventually are
transported into liver cells via membrane transporters do not en-
ter cells in any meaningful concentration during the arteial phase.
Thus the wording, “intense arterial uptake”, is pathophysiolgicaly
incorrect and cannot be considered appropriate.

The EASL 2012 guidelines [3] as well as the Spanish guidelines
[4] utilized similar imperfect terminology as the AASLD guidelines

Fabio Piscaglia Masatoshi Kudo Kwang-Hyub Han Claude Sirlin
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(“hypervascular in the arterial phase with washout in the portal ve-
nous or delayed phases” and “radiological hallmark, i. e. contrast
uptake in the arterial phase and washout in the venous/late phase”
or respectively “una captación de contraste en fase arterial seguido
de lavado en fases venosas”). Also the Korean guidelines [5] (“hy-
pervascularity in the arterial phase”) and Japanese guidelines [6]
(“intense arterial enhancement”) adopt similar suboptimal defini-
tions. The Italian position paper in 2013 [7] defined more clearly
the diagnostic pattern in connection to both the arterial and portal
patterns (homogeneous hyper-enhancement of the lesion in the ar-
terial phase, followed by hypo-enhancement in the venous or de-
layed phase), but created confusion in its accompanying figure
where it reported, “typical feature: wash-in and wash-out”. More
properly, the term “wash-in” should be used to refer to the phase
of arrival of the contrast during the arterial phase, up to reaching
the peak signal intensity [8], but not to describe the degree of con-
trast enhancement. Using the term “wash-in” to describe the de-
gree of arterial-phase enhancement is inappropriate and should
not be considered synonymous of hyperenhancement.

The term wash-out may cause similar confusion. For example,
the term “wash-out phase” refers to the time period between
peak contrast enhancement intensity and disapperance of con-
trast [8] – i. e., the phase during which de-enhancement occurs,
not the degree of de-enhancement. Moreover, some investigators
have used “washout” to refer to a lesion that hyperenhances in
the arterial phase relative to the surrounding parenchyma and
that becomes isoenhancing in the venous phase. The use of
“washout” in this context is justifiable in the sense that the lesion
did de-enhance relative to the surrounding parenchyma. How-
ever, this temporal enhancement pattern – arterial phase hyper-
enhancement followed by venous phase isoenhancement – is not
specific for HCC. For this reason, the term “wash-out pattern”
should be reserved for lesions that, after showing iso or hyper-
enhancement in the arterial phase, become hypoenhancing in
the venous/delayed phase in comparison to the surrounding par-
enchyma. Accordingly the Canadian guidelines [9] define the
“classical radiographic appearance of HCC as: a lesion that exhi-
bits higher signal intensity than the surrounding liver in the arter-
ial phase of a contrast-enhanced study and lower signal intensity
than the surrounding liver in the venous or the delayed phase of
the contrast examination (so-called portal venous ‘washout’)”.

To summarize very few guidelines have provided optimal
terminology for the hallmark imaging criteria of HCC.

In recent years, the American College of Radiology has suppor-
ted the development of the Liver Imaging Reporting And Data
System (LI-RADS®) with the aim, among others, to establish con-
sistent, rigorous, and precisely defined terminology for clinical
care and research. The LI-RADS® definition of the hallmark
enhancement pattern at CT, MRI and CEUS is “arterial phase
hyperenhancement (in whole or in part, not rim or peripheral
discontinuous globular enhancement) in conjunction with wash-
out appearance” (https://www.acr.org/quality-safety/resources/
lirads), which is in keeping with the clear definitions expressed by
the Canadian [9] and Italian [7] documents. Importantly, LI-RADS
specifies that at CEUS (see scheme at https://www.acr.org/quali-
ty-safety/resources/lirads), the washout has to be of mild degree
and late, namely starting after 60 seconds, in keeping with recent

publications [10 – 12] to prevent the misdiagnosis of cholangio-
cellular carcinoma as HCC [13 – 17].

Hence, we hereby propose the following as standardized termi-
nology to describe the hallmark temporal enhancement pattern
of HCC: “arterial phase hyperenhancement (APHE) followed by
washout appearance”. We also propose that the terms arterial
phase hyperenhancement and washout appearance be defined
as: arterial phase hyperenhancement = enhancement (of the le-
sion) in the arterial phase that is unequivocally greater than that
of the liver; washout appearance = visually assessed temporal re-
duction in enhancement of the lesion relative to the liver from an
earlier to a later phase resulting in portal venous phase hypoen-
hancement or delayed phase hypoenhancement.

This pattern is typical and diagnostic of HCC (with the addi-
tional requirement of mild and late occurrence of hypoenhance-
ment =wash-out for CEUS) (▶ Fig. 1). According to LI-RADS, other
imaging feature combinations such as APHE plus capsule appear-

Arterial phasePre-contrast Portal or late phase

HCC Arterial phase hyperenhancement Wash out apperance
Note: at CEUS, wash out must be late in onset 

(>60sec) and mild in degree to allow 
categorization as definite HCC

Arterial phasePre-contrast

High probability, but not definitively diagnostic for HCC 

NO wash out

Portal or late phase

Arterial phase hyperenhancement

Arterial phasePre-contrast

None of the many possibile combinations of 
arterial and venous patterns qualifies for HCC

Portal or late phase

VariableNo (global) arterial phase 
hyperenhancement?

Definitive imaging diagnosis rarely possible  

Portal phase (1m 09s)Baseline Arterial phase (23s) Late phase (5m 58s)

Proposed standard terminology for the hallmark HCC pattern: 
Arterial phase hyperenhancement (APHE) followed by wash-out appearance

▶ Fig. 1 Schematic depictions of the patterns of appearance of focal
lesions in cirrhosis in the arterial and venous contrast enhancement
phases. The diagnostic pattern of HCC is shown, including an exam-
ple at contrast enhanced ultrasound, in the upper half of the figure:
this pattern is herewith proposed to be unequivocally and definitively
defined as “arterial phase hyperenhancement (APHE) followed by
wash-out appearance”, according to the LI RADS definition of LR5.
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ance also can establish the diagnosis of HCC at CT or MRI, espe-
cially since capsule appearance can create the visual perception
of “washout” in HCCs without true “washout”, but this, as well as
the pattern in the postvascular phase of Sonazoid®, are beyond
the scope of the present editorial, which focuses on vascular pha-
ses enhancement characteristics.
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 Introduction 

 Since immune checkpoint inhibitors were first report-
ed in 2010  [1]  and 2012  [2] , they have exceeded expecta-
tions in clinical studies, the results of which indicate that 
these agents are highly effective (even in patients with ad-
vanced or metastatic liver cancer). The goal of previous 
cancer immunotherapy has so far been to enhance im-
mune cell activity to kill the cancer cells; however, this 
does not result in actual activation of the immune system 
because of the inhibition signal by checkpoint molecules. 
Consequently, its clinical application remains controver-
sial among clinical researchers in this field. Recently, 
many clinicians have become involved in the develop-
ment of immune checkpoint inhibitors, which release the 
‘brakes’ on the immune system, restoring its activity to 
normal levels. Their use in cancer immunotherapy is now 
actively promoted by both companies and academics 
worldwide. The journal  Science  selected cancer immuno-
therapy as its Breakthrough of the Year in 2013, and  Na-
ture  featured the use of immune checkpoint blockade in 
cancer as a sensational paradigm shift in cancer therapy. 
Various industry/academia collaborations are ongoing, 
with the field developing at an amazing speed. Cancer im-
munotherapy has been described as the ‘beginning of new 
cancer therapy’  [3] ; it has also been said that ‘cancer im-
munotherapy comes of age’  [4] .

 Key Words 
 Hepatocellular carcinoma · Immune checkpoint
inhibitors · PD-1 antibody · PD-L1 antibody · CTLA-4 
antibody · Nivolumab · Pembrolizumab 

 Abstract 
 Clinical trials of antibodies targeting the immune check-
point inhibitors programmed cell death 1 (PD-1), pro-
grammed cell death ligand 1 (PD-L1), or cytotoxic T-lym-
phocyte-associated protein 4 (CTLA-4) for the treatment of 
advanced hepatocellular carcinoma (HCC) are ongoing. Ex-
pansion cohorts of a phase I/II trial of the anti-PD-1 anti-
body nivolumab in advanced HCC showed favorable re-
sults. Two phase III studies are currently ongoing: a com-
parison of nivolumab and sorafenib in the first-line setting 
for advanced HCC, and a comparison of the anti-PD-1 anti-
body pembrolizumab and a placebo in the second-line set-
ting for patients with advanced HCC who progressed on 
sorafenib therapy. The combination of anti-PD-1/PD-L1 
and anti-CTLA-4 antibodies is being evaluated in other 
phase I/II trials, and the results suggest that an anti-PD-1 
antibody combined with locoregional therapy or other 
molecular targeted agents is an effective treatment strat-
egy for HCC. Immune checkpoint inhibitors may therefore 
open new doors to the treatment of HCC. 
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  The first protein identified as an immune checkpoint 
molecule was programmed cell death 1 (PD-1), which 
was discovered by Prof. Tasuku Honjo (Kyoto Univer-
sity) in 1992  [5] . Subsequent reports described its in-
volvement in immune regulation and its function as a 
receptor that ‘puts the brakes’ on immune responses. In 
2000, the PD-1 ligands PD-L1 and PD-L2 were identified 
by a collaborative project between Prof. Honjo’s group at 
Kyoto University and a group at Harvard University  [6, 
7] . In 2002, Iwai et al.  [8]  blocked the interaction between 
PD-1 and its ligands in a mouse model and found that 
the resulting increase in the strength of the immune re-
sponse led to a marked increase in anticancer activity. 
Based on these findings, Ono Pharmaceutical Co., Ltd. 
(Japan) and Medarex (later acquired by Bristol-Myers 
Squibb; both based in the USA) successfully created the 
humanized anti-PD-1 antibody, nivolumab, in 2005, and 
clinical trials in humans were initiated in the USA in 
2006. Bristol-Myers Squibb and Ono Pharmaceutical 
Co., Ltd. collaborated and jointly conducted a clinical 
study in 2009. Nivolumab was first approved for use as a 
treatment for melanoma in Japan in 2014. Nivolumab is 
currently approved for the treatment of melanomas, 
non-small-cell lung cancer, and kidney cancer in the 
USA. In Japan, it was approved for the treatment of non-
small-cell lung cancer in 2015 and for kidney cancer in 
2016. In addition to nivolumab, pembrolizumab (an an-
ti-PD-1 antibody developed by Merck) is now an ap-
proved agent for the treatment of melanoma and non-
small-cell lung cancer in the USA.

  A series of clinical trials are currently examining these 
two anti-PD-1 antibodies for the treatment of head and 
neck cancer, breast cancer, Hodgkin’s lymphoma, hepa-
tocellular carcinoma (HCC), and bladder cancer, and fa-
vorable outcomes were reported at the annual meetings 
of the American Society of Clinical Oncology (ASCO) 
and the European Society of Medical Oncology in 2016. 
These results suggest that antibodies against PD-1 and its 
ligand PD-L1 will soon be approved for the treatment of 
many types of cancer.

  In 1995, James Allison at the University of Texas MD 
Anderson Cancer Center found that a different immune 
checkpoint molecule, cytotoxic T-lymphocyte-associated 
protein 4 (CTLA-4), acts as a regulator of immune cells 
 [9] . In 1996, he demonstrated tumor regression in mice 
treated with antibodies that inhibit CTLA-4 function 
 [10] . An antibody against this molecule, ipilimumab, was 
subsequently developed by Bristol-Myers Squibb and was 
approved as an anti-melanoma agent in the USA in March 
2011, in Europe in July 2011  [11] , and in Japan in 2015.

  Clinical trials of monotherapy or combination therapy 
using one or multiple antibodies against PD-1, PD-L1, or 
CTLA-4 for the treatment of HCC are currently ongoing, 
reflecting the rapid progress in this field. This review out-
lines the basics of immune checkpoint inhibitors and the 
current status of clinical trials.

  Theoretical Mechanism of Antitumor Immunity 

 When cells become cancerous, major histocompati-
bility complex (MHC) molecules on antigen-presenting 
cells (APCs) recognize tumor-associated antigens. The 
APCs then migrate to lymph nodes where they present 
antigens to T cell receptors expressed on immature T 
cells. However, antigen stimulation alone is insufficient 
for activation of immature T cells; an additional co-stim-
ulatory signal is required. Upon this second signal, name-
ly, binding of CD28 on T cells to CD80/B7-1 or CD86/
B7-2 on APCs, CD8 T cells become activated (priming 
phase) ( fig. 1 ,  2 ). These activated T cells then migrate to 
the tumor site via the bloodstream and recognize tumor 
antigens presented by MHC molecules on tumor cells, 
triggering an attack on the tumor cells via perforin and 
granzymes (effector phase) ( fig.  1 ,  2 ). This process is 
known as the cancer-immunity cycle ( fig. 1 )  [12] .

  The effect of a T cell attack cells does not last long. To 
increase antitumor immunity, several conventional ap-
proaches for boosting immune responses, such as therapy 
with peptides, dendritic cells, cytokines, and lympho-
kine-activated killer cells, have been investigated. How-
ever, at the time these strategies were developed, the brake 
function in immunity (i.e., immune tolerance or escape) 
was not fully understood. Therefore, the therapeutic ef-
fect of these immune-stimulating agents remained insuf-
ficient, which led researchers to question whether these 
approaches were clinically applicable. In fact, since the 
brake and the accelerator can be stimulated simultane-
ously in the immune system, the effects of immune acti-
vation are limited. There are two main mechanisms for 
cancer immune escape: one that occurs in the lymph 
nodes and anther at the tumor site.

  Cancer Immune Escape 

 The CTLA-4 Pathway 
 The CTLA-4 pathway functions solely within the 

lymph nodes and regulates the proliferation of activated 
lymphocytes. CTLA-4 is expressed constitutively on reg-
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ulatory T cells (Tregs) and transiently on a broad range of 
T cells at the early activation stage (24–48 h). B7-1 and 
B7-2 (the molecules mediating the second stimulatory 
signal mentioned above) also bind to CTLA-4, and their 
affinity for CTLA-4 is 10 times as strong as it is for CD28. 
Therefore, these ligands favor binding to CTLA-4 over 
binding to CD28, and activation of T cell does not occur. 
CTLA-4 prevents excessive T cell immune responses by 
halting physiologically unnecessary T cell activity. How-
ever, in anticancer immunity, this acts as a brake on the 
activation and proliferation of valuable activated T cells 
that recognize cancer antigens ( fig. 3 ).

  Therapy with an anti-CTLA-4 antibody aims to release 
this brake on T cell activation in the lymph nodes. The use 
of a CTLA-4 antibody for cancer treatment was first sug-
gested in 1996 by Allison  [10] , who worked on a mouse 
model wherein an inhibitory antibody against CTLA-4 
eliminated tumors. Given that CTLA-4 is most strong-
ly expressed on Tregs, the mechanism of action of anti-
CTLA-4 antibodies may involve inhibition of Treg activ-
ity. Two antibodies against CTLA-4, ipilimumab and 
tremelimumab, are currently being actively investigated 
in clinical trials ( table 1 ).

Trafficking of
T cells to tumors

(CTLs) 

Infiltration of T cells
into tumors

(CTLs, endothelial cells)

Recognition of cancer
cells by T cells

(CTLs, cancer cells) 

Killing of cancer cells
(immune and cancer cells)

Release of
cancer cell antigens
(cancer cell death)

Cancer antigen
presentation

(dendritic cells/ APCs)

Priming and activation
(APCs and T cells)

Blood
vesselLymph node

Tumor

1

2

3

4

5

6

7

MHC TCR

PD-1

CD28

CTLA-4 PD-1

MHC

SHP2

TCR

T cell

(Effector phase)(Priming phase)

+

– –

+

  Fig. 1.  The cancer-immunity cycle. Cited 
from Chen and Mellman  [12] . 

  Fig. 2.  Cancer attack by activated T cells. 
Presentation of tumor-associated antigen 
by the major histocompatibility complex 
(MHC) expressed by the antigen-present-
ing cell leads to the release of an activating 
signal in combination with a co-stimulato-
ry signal via the B7-CD28 pathway, result-
ing in activation of T cells in the lymph 
node. Subsequently, in the cancer microen-
vironment, activated T cells attack the tu-
mor by releasing perforin or granzymes. 
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  The PD-1/PD-L1 Pathway 
 PD-1 is an immune co-inhibitory receptor expressed 

on T cells, B cells, NK cells, and myeloid cells. On T cells, 
PD-1 suppresses antigen-specific T cell activation through 
interactions with its ligands PD-L1 and PD-L2. PD-L1 is 
expressed on dendritic cells and in a broad range of tis-
sues, including blood vessels, the myocardium, lung, and 
placenta, while PD-L2 expression is restricted to dendrit-

ic cells. PD-1 is rarely expressed on peripheral blood lym-
phocytes in normal mice and healthy humans; it is ex-
pressed selectively on T cells at the late activation stage in 
association with infection or an immune response (e.g., 
inflammation). Expression of PD-1 is particularly strong 
in effector T cells in peripheral tissues.

  In contrast to PD-1, PD-L1 is constitutively expressed 
in normal peripheral tissues and on most immune cells 

 Table 1.  Immune checkpoint inhibitors

Target cell Target 
molecule

Development 
code

Drug name Commercial 
name

Antibody Company

T lymphocyte PD-1 BMS-36558 
ONO-4538

nivolumab Optivo fully human IgG4 
antibody

Ono/BMS

PD-1 MK-4375 pembrolizumab Keytruda humanized IgG4 
antibody

Merck

Tumor cell PD-L1 MPDL3280A atezolizumab not approved fully humanized IgG1 
antibody

Roche

PD-L1 MEDI4736 durvalumab not approved humanized IgG1 
antibody

AstraZeneca

PD-L1 MSB-0010718C avelumab not approved humanized IgG1 
antibody

Merck Serono

T lymphocyte CTLA-4 BMS-734016 ipilimumab Yervoy fully humanized IgG1 
antibody

BMS Medarex

CTLA-4 MEDI1123 tremelimumab not approved fully humanized IgG2 
antibody

AstraZeneca 
MedImmune

Ono = Ono Pharmaceutical Co., Ltd.; BMS = Bristol-Myers Squibb.

MHC TCR

B7.1 (CD80)
B7.2 (CD86)

PD-L1
PD-L2

PD-1

CD28

CTLA-4
PD-L1
PD-L2

PD-1

MHC

SHP2

TCR

Suppression of T cell activation Escape from anti-tumor T cells

Antigen-presenting cell (APC) T cell Tumor

Tumor-associated antigen
(TAA)

(Priming phase) (Effector phase)

+

– –

+

  Fig. 3.  Cancer immune escape by the im-
mune checkpoint molecules PD-1, PD-L1, 
and CTLA-4. Immune escape is induced in 
cancer via the PD-1/PD-L1 axis. T cell ac-
tivation is also suppressed by the B-7/
CTLA-4 axis. 
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during the initiation of the immune response. The ma-
jority of cancer cells also express this molecule through 
the mechanism described below. Conversely, PD-L2 ex-
pression is selective and limited to APCs, suggesting its 
involvement in T cell activation in the lymph node. Tak-
en together, these observations explain why antibodies 
against PD-1 and PD-L1 are equally effective while PD-
L2 plays a limited role in anticancer immunity.

  When T cell receptors on activated T cells recognize 
cancer antigens presented by MHC molecules on cancer 
cells, perforin and granzymes are released to attack the 
cancer cells. At the same time, interferon-γ and other cy-
tokines are released by the activated T cells. In response 
to these cytokines, cancer cells upregulate PD-L1, which 
binds to PD-1 on the T cells, thereby weakening the T cell 
attack (i.e., resulting in immune escape or immune toler-
ance) ( fig. 3 ).

  Administration of anti-PD-1 antibodies releases this 
brake mechanism and allows T cells to remain active de-
spite the inhibitory molecules expressed by the tumor 
( fig. 4 ). In other words, unlike conventional chemother-
apy and molecular targeted therapy, this approach takes 
advantage of the immune system’s natural antitumor re-
sponse and aims to amplify and prolong it  [13–24] . An-
tibodies to PD-L1 have an effect similar to that of PD-1 
antibodies. PD-L1 overexpression is a marker of tumor 
aggressiveness  [25] . PD-L1 is also being explored as a po-
tential biomarker to predict the efficacy of anti-PD-1 
therapy. Patients with high PD-L1 expression may be 
more likely to respond well to anti-PD-1 therapy.

  Results from Previous Studies with Anti-PD-1 
Antibodies 

 Approved immune checkpoint inhibitors include ni-
volumab and pembrolizumab (anti-PD-1 antibodies) as 
well as ipilimumab (an anti-CTLA-4 antibody). Other 
agents under development include tremelimumab (an 
anti-CTLA-4 antibody) and durvalumab, avelumab, and 
atezolizumab (anti-PD-L1 antibodies) ( table 1 ).

  A study of pembrolizumab demonstrated the marked 
effect of an anti-PD-1 antibody when used to treat DNA 
mismatch repair (MMR)-deficient colorectal cancer and 
other types of solid tumor  [21] .

  Clinical trials are currently underway to evaluate im-
mune checkpoint inhibitors for the treatment of various 
types of cancer, including esophageal cancer, gastric can-
cer, MMR-deficient colorectal cancer, head and neck can-
cer, breast cancer, small-cell lung cancer, Hodgkin’s lym-
phoma, ovarian cancer, and bladder cancer.

  The response rates to anti-PD-1 monotherapy are 10–
30% overall, but response rates are much higher in ex-
tremely immunogenic tumors such as malignant mela-
noma and Hodgkin’s disease. Disease control rates, 
which include patients with stable disease (SD), are 
around 70% overall, suggesting that approximately 30% 
of patients do not respond to anti-PD-1 antibody mono-
therapy. Although the causes of nonresponsiveness re-
main unclear, one possibility is that there may be addi-
tional molecules involved in immune escape other than 
PD-1, PD-L1/2, and CTLA-4. This question might be an-
swered by the development of antibodies that block oth-

MHC TCR

Increased T cell activation
Effective cancer attack by immune

checkpoint blockade

PD-L1
PD-L2

Perforin
Granzyme

PD-1
PD-1

MHC

PD-L1
PD-L2

Antigen-presenting cell (APC) Activated T cell (CTL) Tumor

TCR

CD28
CTLA-4× ×

Anti-CTLA-4 antibody Anti-PD-L1 antibody

×

(Priming phase) (Effector phase)Tumor-associated antigen
(TAA)

B7.1 (CD80)
B7.2 (CD86)

Anti-PD-1 antibody

+

– –

+

  Fig. 4.  Cancer attack by immune check-
point blockade with anti-PD-1, anti-PD-
L1, or anti-CTLA-4 antibody. T cell activa-
tion and effective cancer attack are restored 
by anti-CTLA-4, anti-PD-1, and anti-PD-
L1 antibodies. 
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er inhibitory immune checkpoint molecules such as 
TIM3 or LAG3, or by the development of agonists of ac-
tivation signals ( fig. 5 ).

  Combination Immunotherapy 

 A different approach to anticancer immunotherapy 
is combination therapy to simultaneously block the sup-
pressive signals of both PD-1 and a CTLA-4. The objec-
tive of this strategy is to achieve a stronger therapeutic 
effect than what can be achieved with single-agent ther-
apy. The advantages of such an approach have been 

shown for the treatment of malignant melanoma  [26] . 
The rationale of this strategy is based on the idea that if 
CD8-positive T cells do not exist in cancer tissues, block-
ade of the PD-1/PD-L1 pathway cannot be expected to 
be efficacious. Therefore, blocking CTLA-4 may be an 
effective strategy to increase the number of activated 
CD8-positive T cells that infiltrate the tumor tissue. In-
deed, a combination trial of an anti-CTLA-4 antibody 
and a PD-1/PD-L1 antibody for the treatment of HCC 
is in the early stages ( table  2 ). A three-arm phase I/II 
trial is currently investigating the combination of ni-
volumab (anti-PD-1) and ipilimumab (anti-CTLA-4) at 
varying doses and intervals. Another three-arm trial

 Table 2. Investigator-assessed best overall response (RECIST v1.1)

Uninfected: sorafenib-naive 
or -intolerant (n = 54)

Uninfected: sorafenib 
progressors (n = 58)

HCV 
(n = 51)

HBV 
(n = 51)

Total 
(n = 214)

Objective response 11 (20%) 11 (19%) 7 (14%) 6 (12%) 35 (16%)
Complete response 0 2 (3%) 0 0 2 (1%)
Partial response 11 (20%) 9 (16%) 7 (14%) 6 (12%) 33 (15%)
Stable disease 32 (59%) 27 (47%) 29 (57%) 23 (45%) 111 (52%)
Progressive disease 11 (20%) 18 (31%) 12 (24%) 22 (43%) 63 (29%)
Not evaluable 0 2 (3%) 3 (6%) 0 5 (2%)

 CheckMate 040 Dose Expansion Cohort (n = 214). Cited from Sangro et al. [42].
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  Fig. 5.  Immune co-regulatory signals relat-
ed to the immune checkpoint. There are 
two types of co-regulatory signals: inhibi-
tory signals and stimulatory signals. 
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is currently comparing the efficacy and safety of com-
bination therapy with durvalumab (anti-PD-L1) and 
tremelimumab (anti-CTLA-4) with the corresponding 
monotherapies. The results of these trials are eagerly 
awaited.

  A different approach is pretreatment of HCC with 
transcatheter arterial chemoembolization, radiofrequen-
cy ablation, or radiation to induce inflammation or ther-
mocoagulation, thereby creating conditions that favor tu-
mor neoantigen generation prior to the initiation of im-
munotherapy. This type of pretreatment is expected to be 
beneficial when cancer antigen recognition has not been 
established due to a lack of neoantigen release. An inves-
tigator-initiated clinical trial of this approach was recent-
ly initiated in stage III and IV HCC patients  [27] .

  Biomarkers in Immune Checkpoint Blockade 

 In 2010, Brahmer et al.  [28]  showed that PD-1 pathway 
inhibitors have a stronger therapeutic effect in patients 
with high levels of PD-L1 expression. The level of PD-L1 
expression in tumors can vary greatly throughout the 
course of treatment  [14, 29] . Furthermore, differences in 
the timing and method of specimen collection (biopsy or 
surgical specimens), the preparation of the specimen 
(paraffin-embedded or frozen), the evaluation method 
(immunohistostaining, quantitative PCR, or Western 
blotting), and the cutoff values used also greatly influence 
the apparent PD-L1 expression.

  Only 10–30% of patients respond to anti-PD-1/PD-L1 
therapy, and even when patients with SD are included, the 
drug is effective in only 70% of them; the remaining 30% 
do not respond at all to immune checkpoint inhibitors. In 
practice, although disease progression is sometimes ob-
served immediately after initiation of therapy, treatment 
must be continued in nonresponders because of the pos-
sibility of pseudoprogression. Some responders also re-
quire long-term administration of the therapy. Therefore, 
the identification of biomarkers to predict response is ur-
gently needed, both from the perspective of the effective 
use of medical resources and to prevent adverse effects 
caused by unnecessary treatment. There as several highly 
promising candidate predictors of a therapeutic effect: 
PD-L1 expression in tumor tissue, the number of tumor-
infiltrating lymphocytes, and the presence of CD8-posi-
tive T cells in the cancer microenvironment. Kupffer 
phase findings in Sonazoid contrast-enhanced ultra-
sound are another possible imaging biomarker that may 
predict the effect of anti-PD-1 therapy  [30] .

  The possibility of MMR deficiency serving as a biomark-
er for the therapeutic effect of pembrolizumab, an anti-
PD-1 antibody, was demonstrated in a clinical study exam-
ining three cohorts: 25 patients with MMR-deficient 
colorectal cancer, 25 patients with MMR-normal colorectal 
cancer, and 21 patients with MMR-deficient cancers other 
than colorectal cancer  [21] . The response rate and disease 
control rate were 62 and 92%, respectively, in MMR-defi-
cient colorectal cancer patients, and 60 and 70%, respec-
tively, in patients with MMR-deficient noncolorectal can-
cer, while both rates were extremely low (0 and 16%, re-
spectively) in MMR-normal colorectal patients.

  Rapid advances in high-throughput analysis tech-
niques should enable the identification and verification of 
more effective biomarkers in cancer immunotherapy. An 
example of such high-throughput analysis is mutanome 
analysis, where next-generation sequencing is globally 
performed in cancer genomes to search for biomarkers. 
Another example is immunome analysis, which employs 
T cell repertoire analysis, microarray analysis, and pro-
tein analysis. The results of these studies are leading to the 
identification of biomarkers for various cancers.

  Adverse Events 

 The toxicities associated with immune checkpoint in-
hibitors are milder than those of cytotoxic anticancer 
agents and molecular targeted agents. However, immune 
checkpoint inhibition can induce adverse events related 
to autoimmunity such as hyperthyroidism, hypothyroid-
ism, type 1 diabetes mellitus, myasthenia gravis, rheuma-
toid arthritis, or Addison’s disease. Many of these adverse 
events can be controlled by withdrawal of immune check-
point inhibitors and initiation of steroid therapy. Im-
mune-related adverse events are least frequent in patients 
treated with anti-PD-L1 antibodies and most frequent in 
patients treated with anti-CTLA-4 antibodies ( fig. 4 )  [31] . 
Other adverse events include dry mouth, hepatitis, der-
mopathy, pancreatitis, pneumonitis, adrenal insufficien-
cy, enteritis, arthritis, and uveitis.

  Results of Clinical Trials in HCC 

 Long-awaited results from an interim analysis of a 
phase I/II trial of nivolumab (anti-PD-1) in patients with 
advanced HCC (CA209-040 trial) were presented at the 
2015 ASCO meeting held in Chicago  [32] . A dose escala-
tion study showed that nivolumab was safely adminis-
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tered up to a dose of 3 ml/kg in hepatitis C virus (HCV)-
infected, hepatitis B virus (HBV)-infected, and uninfect-
ed individuals, and confirmed the safety of nivolumab at 
10 ml/kg in the uninfected group. At the same time, the 
efficacy of nivolumab in a range from 0.1 to 3 ml/kg was 
also reported. Among a total of 47 subjects, 33 (70%) had 
extrahepatic metastasis, 6 (13%) had vascular invasion, 
and 32 (68%) had a history of sorafenib therapy, suggest-
ing that these patients had relatively advanced liver can-
cers. The report (interim analysis date: March 12, 2015) 
indicated that 17 patients remained on nivolumab thera-
py, while therapy was completed or discontinued in 30 
patients because of disease progression in 26 patients, an 
adverse event in 2 patients (elevated bilirubin in one and 
an unrelated event in the other), and a complete response 
(CR) in 2 patients. The only CTCAE grade IV adverse 
event was elevation of lipase levels. Grade III increases in 
aspartate amino transferase levels were seen in 5 (11%) 
patients, and increases in alanine amino transferase levels 
were seen in 4 (9%) patients. Autoimmune disease and 
hepatic dysfunction, which were the adverse events of ini-
tial concern, were not observed.

  The response rate was 19% (8 patients) and the CR rate 
was 5% (2 patients). The disease control rate (including 
SD cases) was 67% (28 patients), while progressive disease 
(PD) occurred in 33% of patients (14 cases). Waterfall 
plots revealed a tumor size reduction in all cohorts (HBV 
patients, HCV patients, and uninfected patients). The re-
sponders showed a notable, durable response. Two pa-
tients achieved CR at  ≤ 3 months and remained in remis-
sion for 18 months. A sustained response was seen in all 
partial response (PR) and SD cases, and reversion to PD 
due to acquisition of resistance was not observed in any 
case. Taken together, these results confirmed that treat-
ment with the anti-PD-1 antibody nivolumab produced 
a durable response in patients with HCC, as reported in 
patients with other types of cancer. This is the most 
unique and notable characteristic of immune checkpoint 
inhibitors, especially considering that 2 patients achieved 

CR within 3 months and maintained this response for 
longer than 18 months despite the termination of ni-
volumab therapy several months after CR was achieved.

  In most patients who achieved CR/PR, the response 
was evident within 3 months. In clinical cases presented 
at ASCO 2015, a large number of multiple HCCs disap-
peared after 6 weeks of therapy, and the alpha-fetoprotein 
level in 1 case dropped from 21,000 to 283 ng/ml. The 
overall survival rate at 12 months was 62%. Furthermore, 
a continuous reduction in tumor size (from approximate-
ly 10 to 2 cm) was observed in a patient after 48 weeks. 
Taken together, these outcomes are very promising, espe-
cially considering the poor tumor-related patient charac-
teristics in this patient cohort.

  In summary, monotherapy with nivolumab, an anti-
PD-1 antibody, had a favorable safety profile in patients 
with HCC (comparable to that seen in patients with oth-
er types of cancer); it can be used safely in patients with 
HBV and HCV infection, and its high response rate was 
groundbreaking compared to the rates achievable with 
other types of immunotherapy. Durable responses were 
seen at all dose levels regardless of etiology (HBV, HCV, 
and uninfected cohorts).

  Since then, a fixed dose of 3 mg/kg of nivolumab was 
planned in expansion cohorts of 50 uninfected patients 
with PD after sorafenib treatment failure, 50 uninfect-
ed patients who were sorafenib-naive or -intolerant, 50 
HCV-infected patients, and 50 HBV-infected patients. 
Outcomes of the fixed dose trial and the final results of 
the dose escalation study were reported at the 2016 ASCO 
meeting.

  Ongoing Clinical Trials 

 According to the outcomes reported at the 2016 ASCO 
meeting, 35 (16%) of the 214 patients in the dose expan-
sion cohort achieved a response, including 2 (1%) who 
achieved CR and 33 (15%) who achieved PR ( table  2 ). 

 Table 3. Overall survival rates (percentage with 95% confidence interval in parentheses1)

Uninfected: sorafenib-naive 
or -intolerant (n = 54)

Uninfected: sorafenib 
progressors (n = 58)

HCV 
(n = 51)

HBV 
(n = 51)

Total 
(n = 214)

6 months 89.8 (77.1 – 95.6) 75.6 (61.5 – 85.2) 82.1 (61.3 – 92.4) 83.3 (67.6 – 91.8) 82.5 (75.8 – 87.5)
9 months 79.8 (50.6 – 92.8) not calculated not calculated not calculated 70.8 (56.6 – 81.1)

1 Estimated using the Kaplan-Meier method. CheckMate 040 Dose Expansion Cohort (n = 214). Cited from Sangro et al. [42].
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Furthermore, 111 patients (52%) had SD and 63 (29%) 
had PD ( table 3 ).

  The response rates in the cohorts of uninfected pa-
tients who were sorafenib-naive or -intolerant, uninfect-
ed patients with PD after sorafenib treatment failure, 
HCV-infected patients, and HBV-infected patients were 
20, 19, 14, and 12%, respectively ( table 3 ). Nine-month 
survival was favorable (70%) ( table 4 ). Considering that a 
high proportion (66%) progressed on sorafenib treat-
ment ( table  5 ), these outcomes appear to be extremely 
good. The frequency of adverse events was also extreme-
ly low. The most concerning treatment-related adverse 
event was hepatic dysfunction; however, only 9 (4%) and 
6 (3%) patients showed grade 3–4 increases in aspartate 
amino transferase and alanine amino transferase levels, 
respectively ( table 6 ). These figures were comparable to 
those reported in nivolumab-treated patients with other 
types of cancer. Severe hepatic dysfunction related to 
nivolumab therapy in patients with viral hepatitis, which 
was an original concern, was not observed in any patient.

  Additional analysis of the dose escalation cohort (48 pa-
tients) showed that 3 (6%) and 4 (8%) patients achieved CR 
and PR, respectively, while 24 (50%) and 15 (13%) had SD 

and PD, respectively. The response rate was 13% in the 
noninfected group and 30% and 7% in the HCV- and 
HBV-infected groups, respectively ( table 5 ). In this CA209-
040 phase I/II trial, a dose escalation cohort (cohort 2), a 
cohort for randomized comparison against sorafenib (co-
hort 3), and a combination therapy cohort (with an anti-
CTLA-4 antibody, ipilimumab) (cohort 4), in addition to 
the dose escalation cohort (cohort 1), were tested and reg-
istered. Furthermore, based on the tolerability and low fre-
quency of hepatic dysfunction observed in patients with 
liver cirrhosis, a trial of nivolumab in patients with Child-
Pugh B HCC (cohort 5) was initiated ( table 2 ).

  Following these trials, a phase III trial directly compar-
ing nivolumab with sorafenib was initiated, as was a clin-
ical trial investigating the efficacy of second-line pembro-
lizumab in patients who did not respond to sorafenib. 
Monotherapy with an anti-PD-1 antibody (nivolumab or 
pembrolizumab) or combination therapy is expected to 
be successful. A clinical trial examining the use of an anti-
CTLA-4 antibody in HCC has also been conducted, but 
the results, reported in the  Journal of Hepatology  in 2013, 
indicated more adverse events than those caused by anti-
PD-1 antibodies  [33] .

 Table 4. Baseline patient characteristics and prior treatment history

Uninfected: 
sorafenib-naive 
or -intolerant (n = 54)

Uninfected: 
sorafenib progressors 
(n = 58)

HCV 
(n = 51)

HBV 
(n = 51)

Total 
(n = 214)

Age, years 66 (20 – 83) 65 (19 – 80) 65 (53 – 81) 55 (22 – 81) 64 (19 – 83)
Male 46 (85%) 43 (74%) 43 (84%) 39 (77%) 171 (80%)
Race

White 36 (67%) 35 (60%) 30 (59%) 4 (8%) 105 (49%)
Black/African American 1 (2%) 1 (2%) 2 (4%) 2 (4%) 6 (3%)
Asian 16 (30%) 22 (38%) 18 (35%) 45 (88%) 101 (47%)
Other 1 (2%) 0 1 (2%) 0 2 (1%)

Extrahepatic metastases 42 (78%) 43 (74%) 30 (59%) 46 (90%) 161 (75%)
Vascular invasion 1 (2%) 3 (5%) 5 (10%) 6 (12%) 15 (7%)
Child-Pugh score

5 41 (76%) 38 (66%) 27 (53%) 44 (86%) 150 (70%)
6 12 (22%) 20 (34%) 21 (41%) 7 (14%) 60 (28%)
7 1 (2%) 0 2 (4%) 0 3 (1%)
9 0 0 1 (2%) 0 1 (0.5%)

Alpha-fetoprotein >200 μg/l 15 (28%) 26 (45%) 18 (35%) 27 (53%) 86 (40%)
Prior treatment type

Surgical resection 29 (54%) 37 (64%) 19 (37%) 40 (78%) 125 (58%)
Radiotherapy 7 (13%) 17 (29%) 5 (10%) 12 (24%) 41 (19%)
Local treatment for HCC 25 (46%) 33 (57%) 29 (57%) 40 (78%) 127 (59%)
Systemic therapy 22 (41%) 57 (98%) 32 (63%) 46 (90%) 157 (73%)
Sorafenib 15 (28%) 56 (97%) 30 (59%) 40 (78%) 141 (66%)

Figures are given as mean (range) or n (%). CheckMate 040 Dose Expansion Cohort (n = 214). Cited from Sangro et al. [42].
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  Future Prospects 

 The outcomes described above, which were reported 
at the 2015 and 2016 ASCO meetings, were interim anal-
ysis results of phase I/II trials of monotherapy with an 
anti-PD-1 antibody (nivolumab) in HCC patients. Ni-

volumab is approved for the treatment of melanoma, 
non-small-cell lung cancer, and kidney cancer (in the 
USA), and similar effects in other types of cancer are ex-
pected. HCC is an extremely heterogeneous cancer, does 
not have a clear driver mutation, and cannot be treated 
with agents that reduce hepatic functional reserve; there-

 Table 6. Current clinical trials of immune checkpoint inhibitors for HCC

Drug Trial name ClinicalTrials.gov Company Phase n Line of 
therapy

Design Endpoint Status

Nivolumab
Nivolumab (PD-1 Ab) CheckMate 040 NCT01658878 BMS/ONO I/II 42 1L/2L cohort 1: dose escalation DLT/MTD completed
Nivolumab (PD-1 Ab) CheckMate 040 NCT01658878 BMS/ONO I/II 214 1L/2L cohort 2: dose expansion ORR completed
Nivolumab (PD-1 Ab) CheckMate 040 NCT01658878 BMS/ONO I/II 200 1L cohort 3: nivolumab vs. 

sorafenib
ORR completed

Nivolumab (PD-1 Ab)/
ipilimumab (CTLA-4 Ab)

CheckMate 040 NCT01658878 BMS/ONO I/II 120 2L cohort 4: nivolumab + 
ipilimumab

safety/
tolerability

completed

Nivolumab (PD-1 Ab) CheckMate 040 NCT01658878 BMS/ONO I/II – 1L/2L cohort 5: nivolumab 
(Child B patients)

safety/
tolerability

recruiting

Nivolumab (PD-1 Ab) CheckMate 459 NCT02576509 ONO III 726 1L nivolumab vs. sorafenib TTP/OS recruiting

Pembrolizumab
Pembrolizumab (PD-1 Ab) KEYNOTE-224 NCT02702414 MSD II 100 2L pembrolizumab (1 arm) ORR completed
Pembrolizumab (PD-1 Ab) KETNOTE-240 NCT02702401 MSD III 408 2L pembrolizumab vs. placebo PFS/OS recruiting

Durvalumab
Durvalumab (PD-L1 Ab)/
tremelimumab (CTLA-4 Ab)

– NCT02519348 AstraZeneca II 144 1L/2L durvalumab (arm A); 
tremelimumab (arm B); 
durvalumab + tremelimumab 
(arm C)

safety/
tolerability

recruiting

BMS = Bristol-Myers Squibb; DLT = dose-limiting toxicity; MTD = maximum tolerated dose; Ono = Ono Pharmaceutical Co., Ltd.; ORR = overall response rate; OS = overall 
survival; PFS = progression-free survival; TTP = time to progression.

 Table 5. Treatment-related adverse events (TRAEs)

Uninfected (n = 112) HCV (n = 51) HBV (n = 51)  Total (n = 214)

any grade grade 3 – 4 any grade grade 3 – 4 any grade grade 3 – 4  any grade grade 3 – 4

Patients with any TRAE 72 (64%) 21 (19%) 37 (73%) 15 (29%) 30 (59%) 3 (6%) 139 (65%) 39 (18%)

Symptomatic TRAEs reported in >4% of all patients
Fatigue 31 (28%) 2 (2%) 7 (14%) 0 7 (14%) 0 45 (21%) 2 (1%)
Pruritus 11 (10%) 0 11 (22%) 0 11 (22%) 0 33 (15%) 0
Rash 12 (11%) 1 (1%) 8 (16%) 0 6 (12%) 0 26 (12%) 1 (0.5%)
Diarrhea 16 (14%) 2 (2%) 3 (6%) 0 1 (2%) 1 (2%) 20 (9%) 3 (1%)
Nausea 8 (7%) 0 6 (12%) 0 0 0 14 (7%) 0
Decreased appetite 5 (5%) 0 2 (4%) 0 3 (6%) 0 10 (5%) 0
Dry mouth 5 (4%) 0 1 (2%) 0 2 (4%) 0 8 (4%) 0

Laboratory-value TRAEs reported in >4% of all patients
ALT increased 6 (5%) 2 (2%) 7 (14%) 4 (8%) 2 (4%) 0 15 (7%) 6 (3%)
AST increased 7 (6%) 3 (3%) 6 (12%) 6 (12%) 0 0 13 (6%) 9 (4%)
Platelet count decreased 4 (4%) 1 (1%) 3 (6%) 2 (4%) 5 (10%) 1 (2%) 8 (4%) 3 (1%)
Anemia 2 (2%) 0 3 (6%) 1 (2%) 3 (6%) 0 8 (4%) 1 (0.5%)

CheckMate 040 dose expansion cohort (n = 214). Cited from Sangro et al. [42]. ALT = Alanine amino transferase; AST = aspartate 
amino transferase.
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fore, different therapeutic strategies from those used for 
other types of solid tumors and hematologic malignan-
cies are needed. Based solely on the outcomes of the
phase I/II trials, anti-PD-1 antibody therapy seems high-
ly promising, and several pharmaceutical companies 
have started clinical trials in HCC patients. The outcomes 
of these studies are eagerly awaited.

  There are unmet needs at various stages of HCC treat-
ment, such as neoadjuvants and adjuvants after resection 
 [34, 35]  and ablation  [36–38] , combination therapy with 
transcatheter arterial chemoembolization  [39–41] , and 
first- and second-line treatments. Novel antibodies against 
PD-1 and PD-L1 may be beneficial at these stages. Their 
combination with other anti-angiogenic agents, locore-
gional therapy, another checkpoint inhibitor such as an
anti-CTLA-4 antibody (ipilimumab or tremelimumab), or 
with a molecular targeted agent (e.g., sorafenib or lenva-
tinib) appears promising. Indeed, combination therapy 
with nivolumab and ipilimumab produces better therapeu-
tic outcomes than the corresponding monotherapies  [12] .

  The development of combination immunotherapy for 
the treatment of other types of cancer is rapidly advanc-
ing. Nivolumab became an FDA-designated break-
through therapy in September 2014, followed by pembro-
lizumab. Antibodies against PD-1/PD-L1 and CTLA-4 
are expected to be approved for the treatment of addi-
tional types of cancer, particularly in the setting of liver 
cancer, where they are expected to be implemented in the 
very near future.

  Immune checkpoint inhibitors will play a major role 
in combination with other chemotherapies and locore-

gional therapies as treatment strategies against liver 
cancer, with high hopes for improved therapeutic out-
comes ( fig. 6 ). We are in the middle of a paradigm shift, 
not only for systemic therapy, but also for multimodal 
therapeutic strategies against liver cancer. There is no 
doubt that immune checkpoint inhibitors will play a key 
role.

  Conclusion 

 Anticancer therapy has progressed through the first 
and second stages of treatment strategies with cytotoxic 
agents and molecular targeted agents, respectively. We 
are now about to enter the third stage with immune 
checkpoint blockade. Immune checkpoint inhibitor-
based strategies will soon become the mainstay of anti-
cancer treatment for liver cancer, and we will continue to 
watch the rapid advances in the therapeutic use of im-
mune checkpoint inhibitors with great interest.

  Disclosure Statement 

 The author declares no conflicts of interest regarding the pub-
lication of this paper.
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  Fig. 6.  Treatment strategy using immune 
checkpoint inhibitors. RFA = Radiofre-
quency ablation; TACE = transcatheter ar-
terial chemoembolization. 
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al CHI and from 0.30 to 0.35 on contrast THI. Regarding HCC 
lesion conspicuity, contrast THI with low MI was clearer in 79 
lesions (60.8%), equal in 34 lesions (26.2%), and less clear in 
17 lesions (13.1%) when compared with conventional CHI. 
The lesion conspicuity with contrast THI was significantly 
better than that with conventional CHI (p < 0.01). All of the 
postablative lesions were well delineated in patients who re-
ceived RFA.  Conclusion:  Low-MI contrast THI was superior to 
conventional CHI with respect to lesion visibility of HCCs and 
might offer good imaging for the guiding of RFA. 

 © 2016 S. Karger AG, Basel 

 Introduction 

 Contrast harmonic sonographic imaging can depict 
tumor vascularity sensitively and accurately and is able to 
characterize liver tumors, recognize hepatocellular carci-
noma (HCC) dedifferentiation, evaluate treatment effi-
cacy, and guide ablation therapy for unresectable HCC 

 Key Words 
 Contrast harmonic imaging · Contrast tissue harmonic 
imaging with low mechanical index · Hepatocellular 
carcinoma · Sonazoid 

 Abstract 
  Objective:  To compare contrast tissue harmonic imaging 
(THI) with low mechanical index (MI) and conventional con-
trast harmonic imaging (CHI) with respect to lesion visibility 
of hepatocellular carcinoma (HCC).  Methods:  One hundred 
and twenty-five patients (84 men and 41 women, age range 
39–94 years, mean age 74 years) with 100 naïve HCCs and 30 
lesions after radiofrequency ablation (RFA) for HCC were 
evaluated. One hundred and four patients had liver cirrhosis 
of Child-Pugh class A, and the remaining 21 had Child-Pugh 
class B cirrhosis. The lesion conspicuity and intratumoral 
echogenicity during the postvascular phase were compared 
using conventional CHI and contrast THI with low MI.  Re-
sults:  The MI values ranged from 0.20 to 0.30 on convention-
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 [1–13] . Several contrast harmonic software applications 
have been developed for contrast-enhanced ultrasound 
(CEUS) examination, although the most promising tech-
niques are phase inversion and amplitude modulation 
 [14, 15] . Harmonic imaging techniques, which utilize the 
nonlinear properties of tissue and contrast agent, can par-
tially reduce some artifacts. Contrast harmonic imaging 
(CHI) exploits the nonlinear oscillations of microbubbles 
in contrast agents that produce harmonic overtones of 
the original sound wave  [16, 17] . However, in patients 
with liver cirrhosis, it is often difficult to identify hepatic 
lesions on CEUS  [18] . This could be due to a decrease in 
Kupffer cells and/or their function in patients with cir-
rhosis and tissue background suppression.

  Tissue harmonic imaging (THI) is a form of native 
harmonic imaging that provides a better signal-to-noise 
ratio and reduced side lobe artifacts, resulting in better 
performance in scanning obese patients and patients with 
poor acoustic windows  [19–22] . The contrast-to-tissue 
ratio in harmonic imaging is generally limited by the tis-
sue background signal comprising both the leakage har-
monic signal and the tissue harmonic signal. The tech-
nique of low-mechanical index (MI) THI using contrast 
media can offer a better contrast-to-tissue ratio at the cost 
of blood flow signals from ultrasound contrast agents. 
Therefore, contrast THI with low MI could offer an over-
lay view of conventional THI and contrast imaging. Con-
trast THI with low MI might be good for detail resolution, 
image quality, focal abnormality margin sharpness, and 
penetration for hepatic imaging.

  The purpose of this study was to conduct a retrospec-
tive evaluation of contrast THI with low MI for imaging 
of cirrhotic liver tissue and HCCs compared with conven-
tional CHI with respect to lesion visibility.

  Subjects and Methods 

 Approval for this retrospective study was obtained from the lo-
cal ethical review board.

  Subjects 
 Between April 2013 and October 2014, 125 patients with 130 

HCCs were enrolled in our study ( table 1 ). A specific tumor diag-
nosis was made after CEUS and compared with the correct, final 
diagnosis based on additional imaging techniques or histology. 
The patient population included 84 men and 41 women (age range 
39–94 years, mean ± SD 74 ± 9.1 years). One hundred and four 
patients had liver cirrhosis of Child-Pugh class A, and the remain-
ing 21 had Child-Pugh class B cirrhosis. One hundred HCCs were 
treatment-naïve nodules, and the remaining 30 lesions had re-
ceived prior therapies 1 day after radiofrequency ablation (RFA) 
for HCCs.

  Ultrasound Equipment and Examination 
 All examinations were performed using the same ultrasound 

unit (LOGIQ E9, GE Healthcare, Chalfont St. Giles, UK) with a 
4.0-MHz convex ultrasound probe (C1–6) or a 2- to 8-MHz linear 
probe (9L). The convex probe was usually used to obtain images, 
while the linear probe was used to assess nodules on the liver sur-
face. To provide a baseline reference for the examination, a con-
ventional gray-scale sonography was performed first to assess the 
localization, size, and echogenicity of the lesion in comparison 
with the surrounding liver tissue.

  CHI was performed with the phase inversion method using a 
convex probe or with the amplitude modulation method using a 
linear probe at a low MI, automatically defined by the software, 
and the focus was placed deeper than the nodule plane to avoid 
rapid destruction of the microbubbles. After the administration of 
Sonazoid (Daiichi-Sankyo, Tokyo, Japan), the hepatic arteries, the 
portal veins, and background liver parenchyma were gradually en-
hanced (vascular phase image). Approximately 10 min after the 
injection, the liver was scanned again to observe the postvascular 
image (Kupffer image). After the examination of CHI during the 
postvascular phase, the contrast-imaging mode was manually 
changed to conventional THI at a low MI (<0.35).

  The lesion conspicuity and intratumoral echogenicity during the 
postvascular phase were compared with conventional CHI and con-

 Table 1. Baseline clinical characteristics of the patients

Number of patients 125
Number of tumors evaluated 130
Sex 

Male 84
Female 41

Age, years
Me an ± SD 74 ± 9.1
Range 39 – 94

Etiology
HBV 10
HCV 104
NonBNonC 11

Child-Pugh class
A 104
B 21
C 0

Tumor location
Left lateral 28
Left medial 17
Right medial 37
Right lateral 45
Segment 1 3

Tumor size, cm
 Me an ± SD 1.6 ± 1.1
Range 0.5 – 6.0

Tumor depth, cm
Mean ± SD 7.3 ± 2.6
Range 3 – 14

 HBV = Hepatitis B virus; HCV = hepatitis C virus.
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trast THI with low MI. However, the detection of intratumoral vas-
cularity on contrast THI was not assessed in this study. The lesion 
conspicuities using CHI and contrast THI were evaluated by subjec-
tive visual review in terms of lesion border definition, lesion contrast, 
etc. The lesion echogenicity was divided into hypoechoic, isoechoic, 
or hyperechoic regions with respect to the background liver.

  Contrast Agent 
 Sonazoid consists of perfluorocarbon-containing microbub-

bles stabilized by a phospholipid monolayer. The bubble diameter 
range is approximately 2–3 μm, and the concentration is 10 6  mi-
crobubbles per milliliter. This contrast agent was reconstituted 
with 2 ml sterile water for injection. The anticipated clinical dose 
for imaging of liver lesions is 0.010 ml encapsulated gas per kilo-
gram of body weight. Each injection of contrast agent was followed 
immediately by a saline flush (10 ml). In patients with multiple 

liver lesions, each lesion was analyzed separately with one bolus 
injection of contrast medium per lesion.

  Statistical Analysis 
 Data were expressed as means ± standard deviations. Differ-

ences were compared with the χ 2  test and unpaired Student’s t test. 
A p value <0.05 was considered to be significant.

  Results 

 On baseline ultrasound, 45 (34.6%) of the 130 ob-
served nodules were located in the left lobes of the livers, 
82 (63.1%) were in the right lobes, and 3 (2.3%) were in 

a

b

c

a

b

c

  Fig. 1.  Small HCC in segment 8 of the liver 
in a 91-year-old man.  a  B-mode ultrasound 
showed a small isoechoic nodule with an 
indistinct border (circle).  b  Conventional 
CHI depicted a defect image of the lesion 
during the postvascular phase.  c  On con-
trast THI with low MI, the border of the 
defect image was more sharply demon-
strated. 
  Fig. 2.  Post-RFA HCC lesion in segment
2 of the liver in an 86-year-old woman.
 a  B-mode ultrasound showed a hypoechoic 
lesion with an indistinct border (circle).
 b  Conventional CHI displayed a defect im-
age of the lesion during the postvascular 
phase.  c  On contrast THI, the border of the 
defect image was more sharply demon-
strated. 

  1  

  2  
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segment 1 ( table 1 ). The maximal diameter of the tumors 
ranged from 0.5 to 6.0 cm (1.6 ± 1.1 cm) on ultrasound. 
The distance from the skin to the deepest edge of the tu-
mor lesions ranged from 2.0 to 14 cm (6.6 ± 3.1 cm). The 
MI values ranged from 0.20 to 0.30 on conventional CHI 
and from 0.30 to 0.35 on contrast THI.

  Regarding HCC lesion conspicuity in patients with liv-
er cirrhosis, contrast THI with low MI was clearer in 79 
lesions (60.8%), equal in 34 lesions (26.2%), and less clear 
in 17 lesions (13.1%) when compared with conventional 
CHI ( fig.  1 ). The lesion conspicuity with contrast THI 
was significantly better than that with conventional CHI 
(p < 0.01). In patients who had received RFA, all of the 
postablative lesions were well delineated ( fig.  2 ). The 
depths of the lesions (the distance from the surface of the 
skin to the far edge of the lesion) ranged from 4 to 14 cm 
(7.6 ± 3.1 cm) in the clear conspicuity with contrast THI 

group and from 4 to 10 cm (5.4 ± 2.9 cm) in the clear con-
spicuity with conventional CHI group. There was a sig-
nificant difference in the depths of lesions between these 
two groups (p = 0.03).

  The numbers of lesions that showed hyperechogenici-
ty, isoechogenicity, and hypoechogenicity on B-mode ul-
trasound were 49 (37.7%), 5 (3.8%), and 76 (58.5%), re-
spectively. On the whole, contrast THI and conventional 
CHI depicted hypoechogenicity better during the post-
vascular phase [90.8% (118/130) vs. 93.8% (122/130), p = 
0.49] ( table 2 ).

  Discussion 

 Our study investigated whether low-MI contrast THI 
can obtain clear images of HCC in patients with liver cir-
rhosis. To the best of our knowledge, this is the first report 
using contrast THI with low MI for HCC. By controlling 
the ultrasound power, the destruction of the bubbles 
could be easily controlled. Our results showed that low-
MI contrast THI was superior to conventional CHI in 
delineating the lesion borders.

  Some key factors could be considered in this improve-
ment of lesion conspicuity on low-MI contrast THI ( ta-
ble 3 ). The first is the limitation of canceling the back-
ground signals. Contrast THI demonstrated not only har-
monic signals from microbubbles, but also from the 
fibrous capsule of HCC. The second factor is deeper pen-
etration. Contrast THI could offer deeper ultrasound 
penetration than conventional CHI, and thus a wide 
viewing image could be obtained  [19, 23–25] . The third 
is the higher frame rate of THI needed to create a smooth 
moving image compared with CHI. The fourth factor is 
the special compound imaging. THI has a special com-
pound imaging mode that uses electronic beam steering 
of a transducer array to rapidly acquire several overlap-
ping scans of an object from different view angles. Real-
time spatial compound imaging can provide improved 
contrast resolution and tissue differentiation by reducing 
speckle, clutter, and other acoustic artifacts  [26, 27] .

  Now that we understand the differences between con-
ventional CHI and contrast THI, we can select the most 
appropriate imaging application for different purposes. 
Low-MI contrast THI was able to clearly depict the lesion 
borders in some HCC patients. Thus, contrast THI has 
the potential to provide better sonographic images for the 
guidance of RFA because of easy targeting of HCC nod-
ules. When the signals of vascularity should be focused 
upon for the differential diagnosis of liver tumors, con-

 Table 2. Echo signals in lesions compared with B-mode, CHI, and 
contrast THI (n = 130)

B-mode CHI Contrast THI

High 49 high 2 high 2
iso 3 iso 4
low 44 low 43

Iso 5 high 0 high 0
iso 0 iso 1
low 5 low 4

Low 76 high 0 high 0
iso 3 iso 5
low 73 low 71

 Table 3. Characteristics of ultrasound technologies: CHI vs. con-
trast THI

CHI Contrast 
THI

MI 0.20 – 0.30 0.30 – 0.35
Spatial resolution ○ ◎
Frame rate 12 – 16 15 – 25
Deep penetration △ ◎
Spatial compound × ◎
Suppression of tissue background 

signal ◎ ○

◎ = Excellent; ○ = good; △ = fair; × = poor.
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ventional CHI may be more useful. Even though vascular 
images were not evaluated with contrast THI in this 
study, the blood flow images could be created by enhanc-
ing the signals of microbubble resonance while canceling 
background echo signals effectively. In THI with contrast 
agents, intratumoral intensity might be influenced by 
background intratumoral echo signals.

  The principal limitation of this study was its retrospec-
tive design. The second was that this study could suffer 
from selection bias and/or information bias because the 
HCC patients enrolled received CEUS examinations ac-
cording to tumor size and/or number. Another limitation 
is the preliminary nature of this study with a relatively 

small number of patients. Further prospective studies of 
this technique with larger numbers of patients are war-
ranted.

  In conclusion, low-MI contrast THI was superior to 
conventional CHI in the delineation of liver lesions and 
might have the potential to provide better sonographic 
images for RFA guidance and early response assessment 
of RFA.

  Disclosure Statement 

 The authors have no conflict of interest to declare.
 

 References 

  1 Ding H, Kudo M, Onda H, Suetomi Y, Mina-
mi Y, Maekawa K: Hepatocellular carcinoma: 
depiction of tumor parenchymal flow with in-
termittent harmonic power Doppler US dur-
ing the early arterial phase in dual-display 
mode. Radiology 2001;   220:   349–356. 

  2 Hatanaka K, Kudo M, Minami Y, Maekawa K: 
Sonazoid-enhanced ultrasonography for di-
agnosis of hepatic malignancies: comparison 
with contrast-enhanced CT. Oncology 2008;  
 75(suppl 1):42–47. 

  3 Minami Y, Kudo M, Kawasaki T, Chung H, 
Ogawa C, Shiozaki H: Treatment of hepato-
cellular carcinoma with percutaneous radio-
frequency ablation: usefulness of contrast 
harmonic sonography for lesions poorly de-
fined with B-mode sonography. AJR Am J 
Roentgenol 2004;   183:   153–156. 

  4 Kudo M, Hatanaka K, Maekawa K: Newly de-
veloped novel ultrasound technique, defect 
reperfusion ultrasound imaging, using So-
nazoid in the management of hepatocellular 
carcinoma. Oncology 2010;   78(suppl 1):40–
45. 

  5 Xia Y, Kudo M, Minami Y, Hatanaka K, 
Ueshima K, Chung H, Hagiwara S, Inoue T, 
Ishikawa E, Kitai S, Takahashi S, Tatsumi C, 
Ueda T, Hayaishi S, Maekawa K: Response 
evaluation of transcatheter arterial chemoem-
bolization in hepatocellular carcinomas: the 
usefulness of Sonazoid-enhanced harmonic 
sonography. Oncology 2008;   75(suppl 1):99–
105. 

  6 Minami Y, Kudo M, Chung H, Kawasaki T, 
Yagyu Y, Shimono T, Shiozaki H: Contrast 
harmonic sonography-guided radiofrequen-
cy ablation therapy versus B-mode sonogra-
phy in hepatocellular carcinoma: prospective 
randomized controlled trial. AJR Am J Roent-
genol 2007;   188:   489–494. 

  7 Minami Y, Kudo M, Hatanaka K, Kitai S,
Inoue T, Hagiwara S, Chung H, Ueshima K: 
Radiofrequency ablation guided by contrast 
harmonic sonography using perfluorocarbon 
microbubbles (Sonazoid) for hepatic malig-
nancies: an initial experience. Liver Int 2010;  
 30:   759–764. 

  8 Kudo M, Matsui O, Izumi N, Iijima H, Kadoya 
M, Imai Y, Okusaka T, Miyayama S, Tsuchiya 
K, Ueshima K, Hiraoka A, Ikeda M, Ogasa-
wara S, Yamashita T, Minami T, Yamakado 
K; Liver Cancer Study Group of Japan: JSH 
Consensus-Based Clinical Practice Guide-
lines for the Management of Hepatocellular 
Carcinoma: 2014 Update by the Liver Cancer 
Study Group of Japan. Liver Cancer 2014;   3:  
 458–468. 

  9 Kudo M: Surveillance, diagnosis, treatment, 
and outcome of liver cancer in Japan. Liver 
Cancer 2015;   4:   39–50. 

 10 Kudo M: Clinical practice guidelines for he-
patocellular carcinoma differ between Japan, 
United States, and Europe. Liver Cancer 2015;  
 4:   85–95. 

 11 Minami Y, Kudo M: Imaging modalities for 
assessment of treatment response to nonsur-
gical hepatocellular carcinoma therapy: con-
trast-enhanced US, CT, and MRI. Liver Can-
cer 2015;   4:   106–114. 

 12 Chen BB, Murakami T, Shih TT, Sakamoto 
M, Matsui O, Choi BI, Kim MJ, Lee JM, Yang 
RJ, Zeng MS, Chen RC, Liang JD: Novel imag-
ing diagnosis for hepatocellular carcinoma: 
consensus from the 5th Asia-Pacific Primary 
Liver Cancer Expert Meeting (APPLE 2014). 
Liver Cancer 2015;   4:   215–227. 

 13 Liu GJ, Wang W, Lu MD, Xie XY, Xu HX, Xu 
ZF, Chen LD, Wang Z, Liang JY, Huang Y, Li 
W, Liu JY: Contrast-enhanced ultrasound for 
the characterization of hepatocellular carci-
noma and intrahepatic cholangiocarcinoma. 
Liver Cancer 2015;   4:   241–252. 

 14 Eckersley RJ, Chin CT, Burns PN: Optimising 
phase and amplitude modulation schemes for 
imaging microbubble contrast agents at low 
acoustic power. Ultrasound Med Biol 2005;  
 31:   213–219. 

 15 Harvey CJ, Blomley MJ, Eckersley RJ, He-
ckemann RA, Butler-Barnes J, Cosgrove DO: 
Pulse-inversion mode imaging of liver specif-
ic microbubbles: improved detection of sub-
centimetre metastases. Lancet 2000;   355:   807–
808. 

 16 Burns PN, Wilson SR, Simpson DH: Pulse in-
version imaging of liver blood flow: improved 
method for characterizing focal masses with 
microbubble contrast. Invest Radiol 2000;   35:  
 58–71. 

 17 Strobel D, Raeker S, Martus P, Hahn EG, 
Becker D: Phase inversion harmonic imaging 
versus contrast-enhanced power Doppler so-
nography for the characterization of focal liv-
er lesions. Int J Colorectal Dis 2003;   18:   63–72. 

 18 Bolondi L, Gaiani S, Celli N, Golfieri R, Gri-
gioni WF, Leoni S, Venturi AM, Piscaglia F: 
Characterization of small nodules in cirrhosis 
by assessment of vascularity: the problem of 
hypovascular hepatocellular carcinoma. Hep-
atology 2005;   42:   27–34. 

 19 Chiou SY, Forsberg F, Fox TB, Needleman L: 
Comparing differential tissue harmonic im-
aging with tissue harmonic and fundamental 
gray scale imaging of the liver. J Ultrasound 
Med 2007;   26:   1557–1563. 

 20 Shapiro RS, Wagreich J, Parsons RB, Stanca-
to-Pasik A, Yeh HC, Lao R: Tissue harmonic 
imaging sonography: evaluation of image 
quality compared with conventional sonogra-
phy. AJR Am J Roentgenol 1998;   171:   1203–
1206. 

－167－



 Kono et al.
 

 Oncology 2017;92(suppl 1):29–34 
DOI: 10.1159/000451014

34

 21 Rosenthal SJ, Jones PH, Wetzel LH: Phase in-
version tissue harmonic sonographic imag-
ing: a clinical utility study. AJR Am J Roent-
genol 2001;   176:   1393–1398. 

 22 Sodhi KS, Sidhu R, Gulati M, Saxena A, Suri 
S, Chawla Y: Role of tissue harmonic imaging 
in focal hepatic lesions: comparison with con-
ventional sonography. J Gastroenterol Hepa-
tol 2005;   20:   1488–1493. 

 23 Lencioni R, Cioni D, Bartolozzi C: Tissue har-
monic and contrast-specific imaging: back to 
gray scale in ultrasound. Eur Radiol 2002;   12:  
 151–165. 

 24 Anvari A, Forsberg F, Samir AE: A primer on 
the physical principles of tissue harmonic im-
aging. Radiographics 2015;   35:   1955–1964. 

 25 Choudhry S, Gorman B, Charboneau JW, 
Tradup DJ, Beck RJ, Kofler JM, Groth DS: 
Comparison of tissue harmonic imaging with 
conventional US in abdominal disease. Ra-
diographics 2000;   20:   1127–1135. 

 26 Oktar SO, Yucel C, Ozdemir H, Uluturk A, 
Isik S: Comparison of conventional sonogra-
phy, real-time compound sonography, tissue 
harmonic sonography, and tissue harmonic 
compound sonography of abdominal and 
pelvic lesions. AJR Am J Roentgenol 2003;  
 181:   1341–1347. 

 27 Cha JH, Moon WK, Cho N, Chung SY, Park 
SH, Park JM, Han BK, Choe YH, Cho G, Im 
JG: Differentiation of benign from malignant 
solid breast masses: conventional US versus 
spatial compound imaging. Radiology 2005;  
 237:   841–846. 

  

－168－



E-Mail karger@karger.com

 Clinical Study 

 Oncology 2017;92(suppl 1):16–28 
 DOI: 10.1159/000451012 

 Malignant Transformation of 
Hepatocellular Adenoma 
 Wing Yee Kwok    a     Satoru Hagiwara    a     Naoshi Nishida    a     Tomohiro Watanabe    a     

Toshiharu Sakurai    a     Hiroshi Ida    a     Yasunori Minami    a     Masahiro Takita    a     Tomohiro Minami    a     

Mina Iwanishi    a     Hirokazu Chishina    a     Masashi Kono    a     Kazuomi Ueshima    a     Yoriaki Komeda    a     

Tadaaki Arizumi    a     Eisuke Enoki    b     Takuya Nakai    c     Tsutomu Kumabe    d     Osamu Nakashima    e     

Fukuo Kondo    f     Masatoshi Kudo    a   

 Departments of  a    Gastroenterology and Hepatology,  b    Pathology, and  c    Surgery, Kindai University Faculty of 
Medicine,  Osaka-Sayama ,  d    Kumabe Clinic,  Kikuchi ,  e    Department of Clinical Laboratory Medicine, Kurume University 
Hospital,  Kurume , and  f    Department of Pathology, Teikyo University Hospital,  Tokyo , Japan 

ticularly in Japan. The risks of hemorrhage and malignant 
transformation have been well reported from Western 
countries, but cases of malignant transformation of HCA 
have not been reported in Japan so far  [4, 5] . HCA pre-
sents as a hypervascular nodule and is thus sometimes 
difficult to differentiate from hepatocellular carcinoma 
(HCC)  [6] . Herein we report the case of HCA with ma-
lignant transformation in a young male whose patholog-
ical study gives us a deep insight into this disease.

  Case Presentation 

 The 20-year-old male patient was referred to our hospital for 
the purpose of examination and treatment of a hepatic mass. The 
patient and family members did not show any medical history of 
disease. He did not report habitual alcohol drinking or cigarette 
smoking.

  Epigastric pain suddenly developed on May 26, 2012. The pa-
tient visited a clinic where a hepatic tumor was detected in segment 
8 (S8). Percutaneous biopsy of the mass was performed and re-
vealed no malignant finding. However, an increased level of serum 
des-gamma-carboxy prothrombin (DCP) (103 mAU/ml) was ob-
served; the patient visited the Gastroenterological Surgery Depart-
ment of our hospital on August 9, 2012. A benign mass was sus-
pected based on gadoxetic acid-enhanced magnetic resonance im-

 Key Words 
 Hepatocellular adenoma · Malignant transformation · 
Gadoxetic acid-enhanced magnetic resonance imaging 

 Abstract 
 The patient was a 20-year-old male in whom a hepatic hyper-
vascular mass accompanied by intratumoral hemorrhage 
was detected on examination for epigastric pain. Based on 
the enlargement of the mass and diagnostic imaging, hepa-
tocellular adenoma (HCA) was suspected and hepatectomy 
was performed. The lesion was diagnosed as malignant 
transformation of β-catenin-activated HCA. There are only 
few reports of cases with malignant transformation of HCA 
in Japan; it is necessary to accumulate cases to investigate it. 

 © 2016 S. Karger AG, Basel 
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 Reportedly, the incidence of hepatocellular adenoma 
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there are many reports in the literature regarding HCA 
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aging (Gd-EOB-MRI), and regular follow-up of its course was 
started. Since the mass enlarged, the patient was referred to the 
Department of Gastroenterology on August 28, 2014. His height 
was 180 cm, body weight 113.7 kg, and BMI 35.1, with no abdom-
inal finding or hepatosplenomegaly.

  Blood Chemical Tests 
 The results of initial blood chemical tests on arrival to the De-

partment of Surgery are shown in  table 1 ; slight increases in WBC 
and CRP were noted. All HBV and HCV virus markers were neg-
ative. Elevation of the serum DCP level to 123 mAU/ml was ob-
served.

  Gd-EOB-MRI Findings 
 On arrival to the Department of Surgery in August 2012, a mass 

containing various components was present in S8 ( fig. 1 a). The up-
per lesion of the mass was intensely stained in the early phase on 

 Table 1. Blood test findings on arrival to the Department of Surgery

Hematology Biochemistry
WBC 10,400 μl CRP 0.315 mg/dl
RBC 5.42 × 104/μl BUN 10 ng/dl
Hb 15.8 g/dl Cr 0.74 mg/dl
Ht 46.6% FBS 81 mg/dl
PLT 41.5 × 104/μl HbA1c 5.8%

ALB 4.4 g/dl
Coagulation T-bil 0.4 mg/dl
PT 108.1% ALT 31 IU/l
INR 0.97 index ALP 247 IU/l
APTT 25.2 s TC 176 mg/dl

Trig 491 mg/dl
Virus marker
HBsAg (–) Tumor marker
HBcAb (–) AFP 2 ng/ml
HBsAb (–) DCP 123 mAU/ml
HCVAb (–)

 AFP = Alpha-fetoprotein; PLT = platelets; PT = prothrombin time;
RBC = red blood cells; WBC = white blood cells.

Upper lesion Lower lesiona

  Fig. 1.   a  A mass containing various components was present in S8. 
 b  The upper lesion of the mass was intensely stained in the early 
phase on Gd-EOB-MRI and slightly washed out in the delayed 
phase, and regions with reduced and increased EOB uptakes were 

mixed in the hepatobiliary phase.  c  An avascular area assumed to 
be a hematoma was present in the center of the mass in the lower 
lesion. 

(For Figure 1b and c see next page.)
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Gd-EOB-MRI and slightly washed out in the delayed phase. The 
image in the hepatobiliary phase revealed mixed regions in terms 
of reduced and increased EOB uptakes ( fig. 1 b). In contrast, in the 
lower lesion, an avascular area assumed to be a hematoma was 
present in the center of the mass ( fig. 1 c).

  In August 2013, about 1 year after the previous Gd-EOB-MRI, 
the mass had apparently enlarged ( fig. 2 a) compared with August 
2012. The upper lesion of the mass was intensely stained in the ear-
ly phase on Gd-EOB-MRI and slightly washed out in the delayed 
phase. Heterogeneous regions for uptake of EOB were confirmed in 
the hepatobiliary phase ( fig. 2 b). In the lower lesion, the margin of 
the mass was intensely stained in the early phase and slightly washed 
out in the delayed phase. The hematoma previously observed in the 
center of the mass had been absorbed and replaced by a mass with 
an increased EOB uptake in the hepatobiliary phase ( fig. 2 c).

  Abdominal Contrast Computed Tomography 
 When the patient was referred to the Department of Gastroen-

terology in August 2014, heterogeneous regions for vascularity, 
showing abundant and scarce blood flows, was observed in both 
the upper and lower lesions of the mass ( fig. 3 a). The portal vein 
was also observed to penetrate the mass ( fig. 3 b).

  Abdominal Contrast-Enhanced Ultrasound 
 When the patient was referred to the Department of Gastroen-

terology in August 2014, the mass was entirely stained in the early 
vascular phase, and a heterogeneously attenuated image of the en-
tire mass was observed in the postvascular phase. In addition, the 
hepatic vein was the route of blood discharge from the mass (figure 
not shown).

Upper lesion Lower lesiona

  Fig. 2.   a  Compared with the EOB-MRI findings from August 2012, 
the mass had apparently enlarged.  b  The upper lesion of the mass 
was intensely stained in the early phase on Gd-EOB-MRI and 
slightly washed out in the delayed phase, and regions with reduced 
and increased EOB uptakes were mixed in the hepatobiliary phase. 

 c  On the other hand, in the lower lesion, the margin of the mass 
was intensely stained in the early phase and slightly washed out in 
the delayed phase. The hematoma in the center of the mass point-
ed out on the previous MRI had been absorbed and replaced by a 
mass with an increased EOB uptake in the hepatobiliary phase. 

(For Figure 2b and c see next page.)
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  Treatment Course 
 Since the tumor was enlarged, the serum DCP level was high, 

and primary HCC or malignant transformation of HCA was 
strongly suspected on diagnostic imaging, two segments in the 
central liver were resected at the Department of Surgery.

  Resected Specimen and Schematic Diagram 
 On macroscopic observation and H&E staining of the resected 

specimen, HCC regions were scattered in the HCA tissue. In ad-
dition, hemorrhage and necrosis were noted within the tumor 
( fig. 4 a). These are presented in the schematic diagram ( fig. 4 b). 
This nodular lesion consisted of three kinds of neoplastic lesions 
as follows: (1) HCA region (GS-positive, SAA-negative), blue re-
gion; (2) HCA region (GS-positive, SAA-positive), orange-colored 
region; and (3) HCC (GS-positive, SAA-positive), red regions.

  Histological and Immunohistochemical Findings of the 
Boundary between the HCA Region and the Normal Liver 
 In the boundary between the HCA region and the normal liver 

( fig. 5 a), the artery in the portal tract was abnormally thick com-
pared with the portal vein and bile duct ( fig. 5 b) (the d region of 
normal liver is shown in yellow in  fig.  4 b). In the HCA region, 
which corresponds to the e region in  figure 4 b (shown in blue), 
similar to those shown in  figure 5 b, the artery in the portal tract was 
abnormally thick compared with the portal vein and the bile duct 
( fig. 5 c). In the HCA region, which corresponded to the f region in 
 figure 4 b (shown in blue), the artery was not abnormally thick, but 
the portal vein and the bile duct were retained ( fig. 5 d). These path-
ological findings were different from those of conventional HCA.

  In the HCA region, which corresponded to the c region in  fig-
ure 4 b (shown in blue), mild cellular and structural atypia was ob-
served; no invasive growth was noted in the portal region ( fig. 6 a, 
b). GS immunostaining was diffusely positive ( fig. 6 c) without any 
nuclear accumulation of β-catenin ( fig. 6 d), and SAA immuno-
staining was also negative ( fig. 6 e). In the b region of HCA, shown 
in orange in  figure 4 b, mild cellular and structural atypia was ob-
served, and no invasive growth was noted in the portal tract ( fig. 7 a, 
b). GS immunostaining was diffusely positive ( fig. 7 c), nuclear ac-
cumulation of β-catenin was noted on immunostaining ( fig. 7 d), 
and SAA immunostaining was positive ( fig. 7 e). Because of defi-
nite nuclear accumulation of β-catenin, this tumor was diagnosed 
as β-catenin-activated HCA.

  In the HCC region that corresponded to the regions shown in 
red in  figure 4 b, well-differentiated HCC with a slightly disturbed 
trabecular structure was detected on H&E staining ( fig. 8 a). On 
Masson trichrome staining, the tumor tissue invaded the vascular 
wall and reached right below the vascular endothelium or was ex-
posed to the vascular lumen ( fig. 8 b). The tumor tissue was dif-
fusely positive on GS immunostaining ( fig. 8 c), and nuclear accu-
mulation was not found on immunostaining ( fig. 8 d). SAA immu-
nostaining was also positive ( fig. 8 e).

  Based on the above findings, the final pathological diagnosis 
was HCA (β-catenin-activated type) with a component of malig-
nant transformation.

  Discussion 

 Generally, HCA is a benign tumor developing in the 
liver without chronic hepatitis or hepatic cirrhosis. It has 
recently been clarified that HCA develops due to gene
aberration  [7, 8] . According to the WHO classification, 
HCA is roughly classified into four types through the ge-
notype- and phenotype-based subtype classification. Pre-
vious reports from Western countries have shown that 
the inactive hepatocyte nuclear factor (HNF) 1α type of 

  Fig. 3.  Images from referral to the Department of Gastroenterol-
ogy in August 2014.  a  Regions with abundant and scarce blood 
flow were mixed in both the upper and lower lesions of the mass. 
 b  The portal vein was observed to penetrate the mass.   

a

b

c d
ef

a

b

  Fig. 4.   a  Macroscopic findings of the resected specimen. The tumor 
consisted of various components.  b  Schematic diagram of the re-
sected specimen. Red: HCC regions (GS-positive, SAA-positive). 
Blue: HCA region (GS-positive, SAA-negative). Orange: HCA re-
gion (GS-positive, SAA-positive). Green: Necrosis and hemor-
rhage. Yellow: Normal liver.   
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HCA develops based on the  HNF1A  gene mutation, and 
that its phenotype is negative for the expression of liver 
fatty acid-binding protein. It reportedly develops mainly 
in women and is associated with oral contraceptives. 
HCC scarcely takes place in this subtype  [7–9] . On the 
other hand, inflammatory HCA is caused by mutations of 
the  gp130  and  STAT3  genes, and SAA and CRP are posi-
tive as its phenotype  [10–13] . It occurs in both genders, 
and obesity and alcohol drinking are reported as risk fac-

tors. Reportedly, the frequency of HCC emergence from 
β-catenin-activated HCA is considerably high  [7, 8] . 
Gene mutation and histological characteristics are un-
clear in the unclassifiable types.

  Beta-catenin-activated HCA should be attributed to 
the  CTNNB1  mutation; immunohistochemical analyses 
revealed positivity for GS and nuclear β-catenin  [7, 8, 14] . 
The frequency of its malignant transformation is higher 
than those of the other subtypes in Western countries, but 

HCA

Normal liver
a

a

ap

p

b b

a
a

pp

p

b

b

b

a b

c d

  Fig. 5.  Boundary between the HCA region and normal liver.  a  GS 
immunostaining. Boundary between the HCA region and normal 
liver (d region shown in yellow in fig. 4b). Bar: 2 mm.  b  Masson 
trichrome staining of the same region. The artery (a) in the portal 
tract was abnormally thick compared with the portal vein (p) and 
the bile duct (b). Bar: 2 mm.  c  The e region in the HCA nodule re-

gion shown in figure 4b. Similar to  b , the artery (a) in the portal 
tract was abnormally thick compared with the portal vein (p) and 
the bile duct (b). Bar: 200 μm.  d  The f region in the deep region of 
the HCA nodule shown in figure 4b. The artery was not abnor-
mally thick, but the portal vein (p) and bile duct (b) were retained. 
Bar: 200 μm. 
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there have been only few reports in the literature regard-
ing malignant transformation of HCA in Japan  [4] . Thus 
the present case, in which the surgical specimen was 
pathologically examined, is valuable for understanding 
the difference of HCC pathogenesis based the HCA sub-
type.

  The characteristic imaging findings of this case were: 
(1) the main part of the tumor exhibited hypervascularity; 
(2) there were also mixed lesions with hyper- and hypo-
vascular pattern; (3) presence of intratumoral hemor-
rhage; (4) penetration of the portal vein into the tumor; 

(5) there were slightly high-intensity regions on diffu-
sion-weighted imaging, which were regarded as nontu-
morous liver based on apparent diffusion coefficient 
map; (6) heterogeneous high-intensity regions were ob-
served in the hepatocellular phase on Gd-EOB-DTPA 
contrast-enhanced MRI; (7) the entire tumor represented 
a heterogeneously attenuated image on the Kupffer phase 
of contrast-enhanced ultrasound. Based on the unique 
feature of imaging, it could be speculated for differential 
diagnosis that there was intratumoral hemorrhage that 
was detected as heterogeneously high-intensity regions in 

a b

c d e

  Fig. 6.  HCA region (c region shown in blue in fig. 4b).  a  Mild cel-
lular and structural atypia was observed, and no infiltration was 
noted in the portal region. Bar: 500 μm.  b  Masson trichrome stain-
ing. No invasive growth was noted in the portal tract. Bar: 500 μm. 

 c  GS immunostaining was diffusely positive. Bar: 500 μm.  d  Beta-
catenin immunostaining. No nuclear accumulation was noted. 
Bar: 100 μm.  e  SAA immunostaining was negative. Bar: 100 μm. 
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the hepatocellular phase of Gd-EOB-DTPA contrast-en-
hanced MRI. Several types of tumors are known to show 
hemorrhage in the mass, such as HCC  [15] , HCA  [16] , 
metastatic tumors of lung and renal cancers  [17] , and an-
giomyolipoma (AML)  [18] . In the present patient, imag-
ing studies revealed no findings of metastatic liver tumor 
or AML; neither metastatic liver tumor nor AML show 
any enhancement on Gd-EOB-DTPA in the hepatocel-
lular phase on contrast-enhanced MRI. On the other 
hand, focal nodular hyperplasia is known as a hypervas-

cular tumor, but intratumoral hemorrhage should be 
rare, indicating the low priority for diagnosis.

  HCC and HCA may present as heterogeneous high-
intensity masses in the hepatocellular phase on Gd-EOB-
DTPA contrast-enhanced MRI  [19–21] . Generally, high 
intensity in the hepatocellular phase suggests a benign
or less malignant tumor. However, since OATP8 is un-
der the control of Wnt/β-catenin signaling, β-catenin-
activated HCA may well show increased intensity in the 
hepatocellular phase on EOB-MRI. Indeed, OATP8 is 

a b

c d e

  Fig. 7.  HCA region (b region shown in orange in fig. 4b).  a  Mild 
cellular and structural atypia was observed and no infiltration was 
noted in the portal region Bar: 500 μm.  b  Masson trichrome stain-
ing. No invasive growth was noted. Bar: 500 μm.  c  GS immuno-

staining was diffusely positive. Bar: 500 μm.  d  Nuclear accumula-
tion was observed on β-catenin immunostaining. Bar: 100 μm. 
 e  SAA immunostaining was positive. Bar: 100 μm. 
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pathologically well preserved in β-catenin-activated HCA 
 [22] . As malignant transformation is most likely in the 
β-catenin-activated HCA than any other types of HCA, 
HCA showing the high intensity in the hepatocellular 
phase of EOB-MRI should be observed carefully in clini-
cal practice.

  Regarding the characteristics of the pathological find-
ings, a thickened artery wall was detected in the portal 
tract located at the boundary between the HCA and nor-
mal liver, suggesting the presence of abnormal blood flow 

in the background liver and HCA. However, inside the 
HCA nodule, the components of portal tract were re-
tained, which was different from typical HCA. Generally, 
no abnormal blood flow is present in the surrounding 
normal liver of HCA cases. Therefore, a benign nonneo-
plastic hepatocellular nodule may have emerged from the 
liver, carrying abnormal blood flow in advance of HCA 
formation. The reports regarding HCA development 
from a benign nonneoplastic hepatocellular nodule also 
support this hypothesis  [23–25] .

a b

c d e

  Fig. 8.  HCC region (a region shown in red in fig. 4b).  a  H&E stain-
ing. Well-differentiated HCC with a slightly disturbed trabecular 
structure. Bar: 500 μm.  b  Masson trichrome staining. Tumor tissue 
invaded into the vascular wall and reached right below the vascular 
endothelium or was exposed to the vascular lumen. Bar: 500 μm. 

 c  GS immunostaining. Tumor tissue was diffusely positive. Bar: 
500 μm.  d  Beta-catenin immunostaining. Nuclear accumulation 
was not found. Bar: 100 μm.  e  SAA immunostaining was positive. 
Bar: 100 μm. 
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  Based on the immunopathological findings, the mass 
should subsequently acquire the nuclear β-catenin accu-
mulation-positive and GS-positive characters (c region, 
blue in  fig. 4 b) as well as SAA-positive character (b region, 
orange in  fig. 4 b), which led to the diagnosis of β-catenin-
activated HCA. In this case, the nuclear β-catenin ac-
cumulation is limited to a small region. In general, not
all regions of β-catenin-activated HCA exhibit diffuse
nuclear accumulation. Therefore, nuclear accumulation 
in the b region (orange in  fig.  4 b) provides evidence
for β-catenin-activated HCA. In the WHO classifica-
tion, HCA is diagnosed mainly based on gene mutation 
and immunopathological findings. However, in patients 
showing abnormal blood flow in the background liver, it 
seems to be difficult to understand the development of 
HCA based on only immunopathological findings.

  Although as described above the factors of HCA devel-
opment are controversial, the diagnosis of β-catenin-
activated HCA is solid in this case, where HCC with a 
similar immunopathological feature and structural atyp-
ia might develop from the β-catenin-activated HCA. 
Many cases of malignant transformation from HCA have 

been reported in Western countries. However, to our best 
knowledge, this is the first Japanese case reported, the rea-
son for the discrepancy of the frequency between West-
ern counties and Japan remaining to be elucidated.

  Conclusion 

 We encountered a young patient with malignant trans-
formation of β-catenin-activated HCA. Beta-catenin-ac-
tivated HCA may show characteristic findings, such as 
high intensity in the hepatocellular phase on EOB-MRI. 
HCA might develop based on the intrahepatic abnormal 
blood flow, which finally reaches malignant transforma-
tion. In Japan, malignant transformation of HCA is very 
rare, but further accumulation of cases and investigation 
are necessary.

  Disclosure Statement 

 The authors have no conflicts of interest to declare.
 

 References 

  1 Bioulac-Sage P, Laumonier H, Couchy G, Le 
Bail B, Sa Cunha A, Rullier A, et al: Hepatocel-
lular adenoma management and phenotypic 
classification: the Bordeaux experience. Hep-
atology 2009;   50:   481–489. 

  2 Bioulac-Sage P, Balabaud C, Zucman-Rossi J: 
Subtype classification of hepatocellular ade-
noma. Dig Surg 2010;   27:   39–45. 

  3 Deneve JL, Pawlik TM, Cunningham S, Clary 
B, Reddy S, Scoggins CR, et al: Liver cell ade-
noma: a multicenter analysis of risk factors for 
rupture and malignancy. Ann Surg Oncol 
2009;   16:   640–648. 

  4 Tokoro T, Kato Y, Sugioka A, Mizoguchi Y: 
Malignant transformation of hepatocellular 
adenoma over a decade. BMJ Case Rep 2014;  
 2014:bcr2014205261. 

  5 Kudo M: Malignant transformation of hepa-
tocellular adenoma: how frequently does it 
happen? Liver Cancer 2015;   4:   1–5. 

  6 Murakami T, Tsurusaki M: Hypervascular 
benign and malignant liver tumors that re-
quire differentiation from hepatocellular car-
cinoma: key points of imaging diagnosis. Liv-
er Cancer 2014;   3:   85–96. 

  7 Bioulac-Sage P, Rebouissou S, Thomas C, 
Blanc JF, Saric J, Sa Cunha A, et al: Hepatocel-
lular adenoma subtype classification using 
molecular markers and immunohistochemis-
try. Hepatology 2007;   46:   740–748. 

  8 Nault JC, Bioulac-Sage P, Zucman-Rossi J: 
Hepatocellular benign tumors – from molec-
ular classification to personalized clinical 
care. Gastroenterology 2013;   144:   888–902. 

  9 Bluteau O, Jeannot E, Bioulac-Sage P, Mar-
ques JM, Blanc JF, Bui H, et al: Bi-allelic inac-
tivation of TCF1 in hepatic adenomas. Nat 
Genet 2002;   32:   312–315. 

 10 Rebouissou S, Amessou M, Couchy G, Pous-
sin K, Imbeaud S, Pilati C, et al: Frequent in-
frame somatic deletions activate gp130 in in-
flammatory hepatocellular tumours. Nature 
2009;   457:   200–204. 

 11 Pilati C, Amessou M, Bihl MP, Balabaud C, 
Nhieu JT, Paradis V, et al: Somatic mutations 
activating STAT3 in human inflammatory 
hepatocellular adenomas. J Exp Med 2011;  
 208:   1359–1366. 

 12 Nault JC, Fabre M, Couchy G, Pilati C, Jean-
not E, Tran Van Nhieu J, et al: GNAS-activat-
ing mutations define a rare subgroup of in-
flammatory liver tumors characterized by 
STAT3 activation. J Hepatol 2012;   56:   184–
191. 

 13 Pilati C, Letouze E, Nault JC, Imbeaud S, Bou-
lai A, Calderaro J, et al: Genomic profiling of 
hepatocellular adenomas reveals recurrent 
FRK-activating mutations and the mecha-
nisms of malignant transformation. Cancer 
Cell 2014;   25:   428–441. 

 14 Chen YW, Jeng YM, Yeh SH, Chen PJ: p53 
gene and Wnt signaling in benign neoplasms: 
beta-catenin mutations in hepatic adenoma 
but not in focal nodular hyperplasia. Hepatol-
ogy 2002;   36:   927–935. 

 15 Srinivasa S, Lee WG, Aldameh A, Koea JB: 
Spontaneous hepatic haemorrhage: a review 
of pathogenesis, aetiology and treatment. 
HPB (Oxford) 2015;   17:   872–880. 

 16 Addeo P, Cesaretti M, Fuchshuber P, Langel-
la S, Simone G, Oussoultzoglou E, et al: Out-
comes of liver resection for haemorrhagic he-
patocellular adenoma. Int J Surg 2016;   27:   34–
38. 

 17 Kadowaki T, Hamada H, Yokoyama A, Ito R, 
Ishimaru S, Ohnishi H, et al: Hemoperitone-
um secondary to spontaneous rupture of he-
patic metastasis from lung cancer. Intern Med 
2005;   44:   290–293. 

 18 Occhionorelli S, Dellachiesa L, Stano R, Cap-
pellari L, Tartarini D, Severi S, et al: Spontane-
ous rupture of a hepatic epithelioid angio-
myolipoma: damage control surgery. A case 
report. G Chir 2013;   34:   320–322. 

 19 Lee S, Kim SH, Park CK, Kim YS, Lee WJ, Lim 
HK: Comparison between areas with Gd-
EOB-DTPA uptake and without in hepa-
to cellular carcinomas on Gd-EOB-DTPA-
enhanced hepatobiliary-phase MR imaging: 
pathological correlation. J Magn Reson Imag-
ing 2010;   32:   719–725. 

－180－



 Kwok    et al.
 

 Oncology 2017;92(suppl 1):16–28 
DOI: 10.1159/000451012

28

 20 Yoneda N, Matsui O, Kitao A, Kozaka K, Ga-
bata T, Sasaki M, et al: Beta-catenin-activated 
hepatocellular adenoma showing hyperinten-
sity on hepatobiliary-phase gadoxetic-en-
hanced magnetic resonance imaging and 
overexpression of OATP8. Jpn J Radiol 2012;  
 30:   777–782. 

 21 Suh CH, Kim KW, Kim GY, Shin YM, Kim 
PN, Park SH: The diagnostic value of Gd-
EOB-DTPA-MRI for the diagnosis of focal 
nodular hyperplasia: a systematic review and 
meta-analysis. Eur Radiol 2015;   25:   950–960. 

 22 Fukusato T, Soejima Y, Kondo F, Inoue M, 
Watanabe M, Takahashi Y, et al: Preserved or 
enhanced OATP1B3 expression in hepatocel-
lular adenoma subtypes with nuclear accu-
mulation of β-catenin. Hepatol Res 2015;   45:
E32–E42. 

 23 Sanada Y, Mizuta K, Niki T, Tashiro M, Hi-
rata Y, Okada N, et al: Hepatocellular nod-
ules resulting from congenital extrahepatic 
portosystemic shunts can differentiate into 
potentially malignant hepatocellular adeno-
mas. J Hepatobiliary Pancreat Sci 2015;   22:  
 746–756. 

 24 Handra-Luca A, Paradis V, Vilgrain V, Du-
bois S, Durand F, Belghiti J, et al: Multiple 
mixed adenoma-focal nodular hyperplasia of 
the liver associated with spontaneous intrahe-
patic porto-systemic shunt: a new type of vas-
cular malformation associated with the mul-
tiple focal nodular hyperplasia syndrome? 
Histopathology 2006;   48:   309–311. 

 25 Kondo F, Fukusato T, Kudo M: Pathological 
diagnosis of benign hepatocellular nodular le-
sions based on the new World Health Organi-
zation classification. Oncology 2014;   87(suppl 
1):37–49. 
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ated with heart disease.  Conclusion:  A favorable SVR was 
achieved by SOF/LDV therapy even in elderly patients, 
those with liver cirrhosis, or those having undergone radi-
cal treatment of liver cancer. Furthermore, a high tolerance 
was demonstrated, but adverse reactions associated with 
the heart may appear in patients with heart disease as an 
underlying disease; strict management during treatment is 
necessary.  © 2016 S. Karger AG, Basel 

 Introduction 

 Chronic hepatitis C is one of the major etiologies of 
hepatocellular carcinoma  [1–3] , which is the third lead-
ing cause of cancer death. Therefore, treatment of hep-
atitis C is an important issue to prevent hepatocarcino-
genesis  [4] . Recently, the treatment of chronic hepatitis 
C has markedly advanced. In 2011, telaprevir  [5–7] 
was approved as a directly acting antiviral agent. In 
2013, simeprevir was approved  [8–12] ; the efficacy has 

 Key Words 
 Sofosbuvir · Ledipasvir · Chronic type C liver disease 

 Abstract 
  Introduction:  Recently, the treatment of chronic hepatitis 
C has markedly advanced. A phase III clinical study of com-
bination therapy with sofosbuvir (SOF) and ledipasvir (LDV) 
was conducted in Japan, and the additive therapeutic ef-
fects were reported. In this study, we report the results of 
treatment in our hospital.  Methods:  Of 147 patients with 
chronic type C liver disease who had consulted our hospital 
since September 2015 and received SOF/LDV therapy, in
91 subjects a sustained virological response of 12 weeks 
(SVR12) could be evaluated.  Results:  In all 91 patients, end 
treatment response was achieved. Subsequently, recru-
descence was noted in 1 before the completion of treat-
ment (week 12); an SVR12 was achieved in 90 patients 
(99%). The following adverse reactions were observed in 3 
patients (3.3%): bradycardia, paroxysmal atrial fibrillation, 
and heart failure with QT prolongation, which were associ-
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improved. However, it is necessary to combine these 
agents with peginterferon and ribavirin (RBV), raising 
the issue of tolerance. In other words, hepatitis C virus 
eradication has been successfully achieved in young pa-
tients and, as a result, the proportions of elderly pa-
tients in whom treatment was unsuccessful or discon-
tinued and of those with deterioration of fibrosis have 
increased.

  On this background, the necessity of developing a 
more tolerable, effective treatment method has been em-
phasized. In Japan, the first interferon (IFN)-free regi-
men, a combination therapy with asunaprevir and dacla-
tasvir, became commercially available in September 2014 
 [13–16] . This therapy has been increasingly indicated for 
elderly patients and those with underlying diseases in 
comparison with treatments with IFN, decreasing the in-
cidence of adverse reactions. On the other hand, the ther-
apeutic effects were markedly reduced in patients with 
resistance mutations at baseline, and adverse reactions, 
such as liver dysfunction, made it difficult to continue 
treatment in some patients, raising issues. Based on such 
a background, a phase III clinical study of combination 
therapy with sofosbuvir (SOF) and ledipasvir (LDV) was 
conducted in Japan, and the additive therapeutic effects 
were reported  [17] . In this study, we report the results of 
treatment in our hospital.

  Methods 

 Patients and Treatment Schedule 
 Of 147 patients with chronic type C liver disease who had con-

sulted our hospital since September 2015 and received SOF/LDV 
therapy, in 91 subjects a sustained virological response of 12 weeks 
(SVR12) could be evaluated. The administration period was 12 
weeks, and follow-up was performed until 12 weeks after the com-
pletion of treatment. SOF at 400 mg and LDV at 90 mg were oral-
ly administered once a day.

  Resistance Test 
 Hepatitis C virus NS5A and NS3/4A resistance was measured 

using the PCR-invader method. Strains with a mutant virus rate of 
<1% were regarded as negative, those with a mutant virus rate of 
1–19% as weakly positive, and those with a mutant virus rate of 
 ≥ 20% as positive.

  Statistical Analysis 
 Changes in hepatic reserve, estimated glomerular filtration rate 

(eGFR), and corrected QT (QTc) were analyzed using Student’s t 
test. A p value of 0.05 was regarded as significant.

  Results 

 Patients 
 Of 147 patients with chronic type C liver disease who 

had consulted our hospital since September 2015 and re-
ceived SOF/LDV therapy, in 91 subjects an SVR12 could 

 Table 1.  Patient background (n = 91)

Age, years
Median (range) 71 (36 – 88)
≥65 years, n (%) 65 (71)
≥75 years, n (%) 41 (45)

Male sex, n (%) 38 (42)
Cirrhosis, n (%) 34 (37)
History of hepatocellular carcinoma, n (%) 23 (25)
Prior therapy

Naïve, n (%) 31 (34)
No response, n (%) 12 (13)
Relapse, n (%) 4 (4)
Intolerant, n (%) 8 (9)
Ineligible, n (%) 36 (40)

 Table 2. NS5A resistance mutations at baseline (n = 91)

Negative, n (%) 8 (9)
Y93H, n (%) 11 (12)
Y93H+L31M, n (%) 2 (2)
No measurement, n (%) 70 (77)
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  Fig. 1.  Virological reactiveness. In all 91 patients, end treatment 
response (ETR) was achieved. Subsequently, recrudescence was 
noted in 1 before the completion of treatment (week 12); an SVR12 
was achieved in 90 patients (99%). 
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be evaluated. The median age was 71 years. Patients aged 
65 years or older accounted for 71% (n = 65), and those 
aged 75 years or older accounted for 45% (n = 41). The 
subjects’ age was more advanced than in the phase III 
clinical trial in Japan. Furthermore, they included 34 pa-
tients with liver cirrhosis (37%) and 23 patients having 
undergone radical treatment of liver cancer (25%). Con-
cerning previous treatment, 31 patients (34%) had not 
received any biological preparation. There were 12 (13%) 
nonresponders to IFN, and recrudescence was noted in 4 
(4%). IFN was inappropriate/intolerable in 44 (49%), 
showing the highest percentage ( table 1 ).

  NS5A Resistance Mutations at Baseline 
 Eight patients (9%) were negative for NS5A resistance 

mutations. Y93H was detected in 11 patients (12%), and 
Y93H+L31M in 2 (2%). Measurement was not performed 
in 70 (77%) ( table 2 ).

  Virological Reactiveness 
 In all 91 patients, end treatment response was achieved. 

Subsequently, recrudescence was noted in 1 before the 
completion of treatment (week 12); an SVR12 was 
achieved in 90 patients (99%) ( fig. 1 ).

 Table 3. Adverse reactions leading to the discontinuation of oral administration

Adverse reaction Onset 
time

Outcome SVR Age Sex Cirrhosis eGFR Underlying 
disease

Bradycardia, 
QT prolongation

day 14 recovery through drug withdrawal 
alone

SVR12 75 F absent 77 absent

Paroxysmal atrial 
fibrillation

day 34 recovery through administration 
and discontinuation

SVR12 79 F absent 52 paroxysmal 
atrial 
fibrillation

QT prolongation, 
heart failure 

day 77 recovery through administration 
and discontinuation

SVR12 78 F present 84 heart failure

ms
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350

400

450

500

412 ± 19 ms
0 week

420 ± 20 ms
2 weeks

415 ± 26 ms
4 weeks

416 ± 14 ms
8 weeks

420 ± 14 ms
12 weeks

  Fig. 2.  Changes in QTc before and during 
treatment. In 17 patients who underwent 
electrocardiography before treatment and 
every 2 weeks during treatment, the QTc 
interval was measured. In 2 (11.7%) of the 
17 patients, the QTc interval was markedly 
prolonged (from 369 to 482 ms and from 
437 to 458 ms, respectively). 

－184－



 Hagiwara et al.
 

 Oncology 2017;92(suppl 1):3–9 
DOI: 10.1159/000451010

6

  Virological Ineffectiveness 
 After completion of the 12-week treatment, recrudes-

cence was noted in 1 patient. This patient had multiple 
resistant strains, Y93H and L31M, at baseline.

  Adverse Reactions Leading to the Discontinuation of 
Oral Administration 
 Such adverse reactions were observed in 3 patients 

(3.3%): bradycardia, paroxysmal atrial fibrillation, and 
heart failure with QT prolongation, which were associ-
ated with heart disease. Furthermore, many patients had 
heart disease as an underlying disease ( table 3 ).

  Changes in QTc before/during Treatment 
 In 17 patients who underwent electrocardiography be-

fore treatment and every 2 weeks during treatment, the 
QTc interval was measured. In 2 (11.7%) of the 17 pa-
tients, the QTc interval was markedly prolonged (from 
369 to 482 ms and from 437 to 458 ms, respectively) 
( fig. 2 ).

  Changes in Hepatic Reserve before and after Treatment 
 The serum albumin levels at the time of treatment in-

troduction and its completion were 4.0 ± 0.5 and 4.2 ± 0.4 
(mean ± SD), respectively, showing a significant increase 
(p = 0.017) ( fig. 3 a). When reviewing the results with re-
spect to diseases (chronic hepatitis and liver cirrhosis), 
there was no difference in patients with chronic hepatitis 
( fig.  3 b), whereas there was a significant improvement 
(from 3.7 ± 0.5 to 4.0 ± 0.5) in those with liver cirrhosis 
( fig. 3 c, p = 0.013). In the latter, there was a significant 
improvement in the platelet count (from 8.8 ± 2.7 to 10.3 
± 3.5) (p = 0.049).

  Changes in the Kidney Function (eGFR) before and 
after Treatment 
 Overall, the eGFRs at the time of treatment introduction 

and its completion were 73.0 ± 16.0 and 71.3 ± 15.0 (mean 
± SD), respectively; there was no exacerbation. In patients 
with an eGFR of <60 at the time of treatment introduction, 
there was no further exacerbation either ( fig. 4 ).
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  Fig. 3.   a  Changes in hepatic reserve before and after treatment. The 
serum albumin (ALB) levels at the time of treatment introduction 
and its completion were 4.0 ± 0.5 and 4.2 ± 0.4 (mean ± SD), re-
spectively, showing a significant increase (p = 0.017).  b ,  c  When 
reviewing the results with respect to chronic hepatitis and liver cir-

rhosis, there was no difference in patients with chronic hepatitis 
( b ), whereas there was a significant improvement (from 3.7 ± 0.5 
to 4.0 ± 0.4) in those with liver cirrhosis ( c , p = 0.013). In the latter, 
there was a significant improvement in the platelet count (PLT) 
(from 8.8 ± 2.7 to 10.3 ± 3.5) (p = 0.049). 

(For rest of figure see next page.)
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  Discussion 

 The phase III clinical study of SOF/LDV in Japan 
showed an SVR12 of 100%. On the other hand, an SVR 
was not achieved in 3 of 170 patients receiving combina-
tion therapy with SOF/LDV and RBV: administration 
was discontinued due to exanthema and cardiac arrest in 
2, respectively, and recrudescence was noted after the 
completion of administration in 1  [17] . In our hospital, 
an SVR12 was achieved in 90 (99%) of the 91 patients. The 
remaining patient, in whom an SVR was not achieved, 
had multiple Y93H and L31M resistance at baseline, and 
recrudescence was noted 5 weeks after the completion of 
treatment. In the phase III clinical study, there was no dif-
ference in the therapeutic effects related to the presence 
or absence of resistance in the NS5A region at baseline. 
Furthermore, an SVR12 was achieved even in patients 
with multiple Y93H and L31M resistance  [17] . No study 
has reported the effects of SOF/LDV on multiple resis-

tance in the NS5A region in a large number of patients. 
In the ELECTRON study, effects of SOF/RBV on G1 were 
obtained in 10–84% of the patients  [18, 19] , suggesting 
that the effects of SOF/LDV in patients with multiple 
NS5A resistance are limited.

  Adverse reactions leading to the discontinuation of 
oral administration were observed in 3 patients (3.3%): 
bradycardia, paroxysmal atrial fibrillation, and heart 
failure with QT prolongation, which were associated 
with heart disease. Furthermore, many patients had 
heart disease as an underlying disease. In 2 of 17 patients 
in whom electrocardiograms could be serially mea-
sured, the QTc interval was markedly prolonged (from 
369 to 482 ms and from 437 to 458 ms, respectively). 
There are patients with latent QTc prolongation in the 
absence of symptoms, although we cannot conclude this 
due to the small number of patients; therefore, strict 
electrocardiographic monitoring may be necessary dur-
ing this therapy.

0

20

40

60

80

100

120

140

0

20

40

60

80

100

120

140

All cases eGFR <60

Before treatment
73.0 ± 16.0 71.3 ± 15.0 52.4 ± 6.3 53.6 ± 12.4

At treatment completion Before treatment At treatment completion

p = n.s. p = n.s.

  Fig. 4.  Changes in kidney function (eGFR) before and after treatment. Overall, the eGFRs at the time of treatment 
introduction and its completion were 73.0 ± 16.0 and 71.3 ± 15.0 (mean ± SD), respectively; there was no exac-
erbation. In patients with an eGFR of <60 at the time of treatment introduction, there was no further exacerba-
tion either. n.s. = Not significant.           
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  The hepatic reserve had improved at the completion 
of treatment. Concerning kidney function, we consid-
ered the influence of SOF, which is excreted in the kid-
neys, but there was no influence on kidney function in 
this study.

  In conclusion, a favorable SVR was achieved by SOF/
LDV therapy even in elderly patients, those with liver cir-
rhosis, or those after the radical treatment of hepatocel-
lular carcinoma. Furthermore, a high tolerance was dem-

onstrated, but adverse reactions associated with the heart 
may appear in patients with heart disease as an underly-
ing disease; strict management during treatment is nec-
essary.

  Disclosure Statement 

 The authors have no conflicts of interest to declare.
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chronic viral type C liver disease. They conclude that a 
favorable sustained viral response was achieved by sofos-
buvir/ledipasvir therapy, even in elderly patients, those 
with liver cirrhosis, and those who underwent curative 
treatment for liver cancer.

  Yada et al.  [2]  describe the influence of liver inflamma-
tion on measurements of liver stiffness in patients with 
autoimmune hepatitis. They conclude that the simultane-
ous use of shear wave and strain imaging  [3] , i.e., combi-
national elastography, was useful for evaluating not only 
the degree of liver fibrosis, but also the degree of liver in-
flammation.

  Kwok et al.  [4]  report a case of malignant transforma-
tion of hepatocellular adenoma (HCA) in a 20-year-old 
male; this disease is very rare in Japan. Although the fac-
tors underlying HCA development are unclear, the diag-
nosis of β-catenin-activated HCA was correct in this case, 
in which HCC with similar immunopathological features 
and structural atypia might have developed from β-ca-
tenin-activated HCA. To the best of their knowledge, this 
is the first case to be reported in Japan  [5, 6] , although 
many such cases have been reported in Western coun-
tries.

  Kono et al.  [7]  state that low mechanical index contrast 
tissue harmonic imaging was superior to conventional 
contrast harmonic imaging  [8, 9]  for the delineation of 
hepatic nodular lesions, and might provide better sono-
graphic images to guide radiofrequency ablation and ear-
ly responses to this type of treatment.

 On May 26–27, 2016, the 6th International Kyoto Liv-
er Cancer Symposium (IKLS) was held in Kyoto in con-
junction with the 89th annual meeting of the Japan Soci-
ety of Ultrasonics in Medicine (JSUM), the 8th Asian 
Conference on Ultrasound Contrast Imaging (ACUCI), 
the 12th congress of the Asian Federation of Societies for 
Ultrasound in Medicine and Biology (AFSUMB), and the 
36th annual meeting of the Japan Association of Breast 
and Thyroid Sonology (JABTS). The theme of this sym-
posium was ‘A New Horizon in Liver Disease’.

  The 1st IKLS was held on Awaji Island, Hyogo, in 
2005, in conjunction with a single-topic conference on 
hepatocellular carcinoma (HCC) organized by the Japan 
Society of Hepatology (JSH) (Congress President: Prof. 
M. Kudo). The 2nd IKLS was held in Kobe in 2009, in 
conjunction with the 45th annual congress of the JSH 
(Congress President: Prof. M. Kudo). The 3rd IKLS was 
held in Osaka in 2011, in conjunction with the 2nd Asian 
Pacific Primary Liver Cancer Expert (APPLE) Meeting 
(Congress President: Prof. M. Kudo). The 4th IKLS was 
held in 2014 in Kyoto, in conjunction with the 50th an-
nual congress of the Liver Cancer Study Group of Japan 
(Congress President: Prof. M. Kudo). The 5th IKLS was 
held in 2015 in Kyoto, in conjunction with the 6th APPLE 
Meeting (Congress President: Prof. M. Kudo).

  All of these symposia were successful. This issue of  On-
cology  includes selected articles from the 6th IKLS.

  Hagiwara et al.  [1]  describe the outcome of combina-
tion therapy with sofosbuvir and ledipasvir for those with 
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  Tochio et al.  [10]  report 4 cases of hepatic angiomyo-
lipoma showing an abundance of CD68-positive cells. 
This was initially suggested by imaging  [11] , i.e., positive 
uptake of a contrast agent within the tumor during the 
postvascular (Kupffer) phase of Sonazoid-enhanced ul-
trasonography, and was finally confirmed pathologically 
by immunohistochemical staining for CD68. This is the 
first report that CD68-positive cells are abundant in he-
patic angiomyolipoma  [12] .

  Nishida and Kudo  [13]  describe the immunological 
microenvironment of HCC and its clinical implications. 
They state that the immune response to HCC is deter-
mined by the balance between tumor antigenicity and the 
immunological microenvironment within cancer tissues. 
The former is also attributed to the accumulation of mu-
tations and aberrations in cellular signaling pathways 
 [14] . They conclude that an immunosuppressive micro-
environment within an HCC tumor may result in resis-
tance to immunotherapies such as immune checkpoint 
blockade  [15] ; therefore, modification of the tumor mi-
croenvironment may restore normal anticancer immune 
responses.

  Kudo  [16]  describes both basic research and ongoing 
clinical trials of immune checkpoint inhibitors with re-
spect to HCC. The author states that the results of a phase 
I/II nivolumab trial are promising, with patients tolerat-
ing the treatment well. Currently, two phase III trials are 
ongoing: one is a first-line trial of nivolumab and the oth-
er is a second-line trial of pembrolizumab. Furthermore, 
combination trials of PD-1/PD-L1 and CTLA-4 in ad-
vanced HCC patients are ongoing, as are combination tri-
als of locoregional therapy with immune checkpoint in-
hibitors  [17] . The author notes that immune checkpoint 
inhibitors will open new avenues for the treatment of 
HCC.

  Finally, I firmly believe that the articles presented 
herein will provide new insight into recent advances in 
the field of liver disease; thus, this issue will be a most 
valuable resource for all the readers of  Oncology .

  Disclosure Statement 

 The author declares no conflict of interest regarding this study.
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after initial treatment; no significant change in LFI was rec-
ognized (p = 0.842). Between ΔALT and ΔLSM, a significant 
regression equation could be calculated as follows: ΔALT = 
–0.55 + 0.654 × ΔLSM.  Conclusions:  Combinational elastog-
raphy was useful in evaluating not only the degree of liver 
fibrosis, but also the degree of liver inflammation in AIH. 

 © 2017 S. Karger AG, Basel 

 Introduction 

 In recent years, ultrasound elastography has been at-
tracting attention as a noninvasive diagnostic tool for liv-
er fibrosis  [1–7] . Evaluation of liver fibrosis is important 
in the prediction of hepatocellular carcinoma incidence 
risk and prognosis  [8–10] . Ultrasound elastography can 
be classified into two groups depending on the measure-
ment of physical quantities. Shear wave imaging mea-
sures the propagation speed of a shear wave, and strain 
imaging displays the relative strain of the tissue  [11–14] .

  Autoimmune hepatitis (AIH) is one of the autoim-
mune diseases where steroids and immunosuppressants 

 Key Words 
 Combinational elastography · Shear wave imaging · 
Transient elastography · Strain imaging · Real-time tissue 
elastography · Autoimmune hepatitis 

 Abstract 
  Objective:  In order to evaluate the influence of liver inflam-
mation on liver stiffness measurement (LSM) by the simulta-
neous use of shear wave and strain imaging (combinational 
elastography), shear wave and strain imaging were com-
pared before and after initial therapy for autoimmune hepa-
titis (AIH).  Methods:  Nine AIH patients initially treated with 
steroid were enrolled. Transient elastography and real-time 
tissue elastography were performed just before and 1 month 
after the start of initial steroid treatment. Blood samples, 
LSM, and the liver fibrosis index (LFI) were compared.  Re-
sults:  Aspartate aminotransferase (p = 0.002) and alanine 
aminotransferase (ALT) (p = 0.015) were significantly de-
creased after initial treatment. The LSM was 15.5 ± 9.6 kPa at 
baseline, decreasing to 7.2 ± 2.3 kPa after initial treatment 
p = 0.034). The LFI was 1.67 ± 0.67 at baseline and 1.61 ± 0.66 
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are remarkably effective  [15] . While shear wave imaging 
has been reported to be useful in the detection of fibrosis 
in the diagnosis of AIH, it has also been reported that 
liver stiffness varies greatly depending on the level of he-
patic inflammation activity  [16, 17] . In several liver dis-
eases both of these elastography methods are useful to 
diagnose the degree of liver fibrosis, but it is said that only 
shear wave imaging is influenced by liver inflammation, 
jaundice, liver congestion, etc.  [5, 15, 18–21] . However, 
the degree of influence on liver stiffness by liver inflam-
mation has not been examined so far.

  The objective of this study was to examine the influ-
ence of liver inflammation on the degree of liver stiffness 
measurement (LSM) with the simultaneous use of shear 
wave and strain imaging (combinational elastography).

  Patients and Methods 

 Patients 
 This prospective study was performed at Kindai University 

Hospital (Osaka-Sayama, Japan). From July 2010 to May 2012, 
consecutive patients with AIH, who were initially treated with ste-
roid, were enrolled. AIH was diagnosed using the Japanese diag-
nostic criteria for AIH published in 1996  [22] . Patients were ex-
cluded if they consumed >20 g alcohol per day. Patients with his-
tories of viral hepatitis, drug-induced hepatitis, primary biliary 
hepatitis, primary sclerosing cholangitis, IgG4-related disease, he-
mochromatosis, α1-antitrypsin deficiency, or Wilson’s disease 
were also excluded. The study protocol conformed to the Declara-
tion of Helsinki and was approved by the ethics committee at the 
Kindai University Faculty of Medicine. Each patient provided in-
formed consent to participate in the study.

  Clinical and Laboratory Assessments 
 Clinical data were collected at the start of initial therapy with 

steroid. The relevant clinical data recorded were age, sex, height, 
and weight. The body mass index was calculated as weight (in kg) 
divided by height (in m) squared. The presence or absence of jaun-
dice, congestive liver, pleural effusion, and ascites and encepha-
lopathy was confirmed by physical findings and inspection of var-
ious images. Blood samples were taken after overnight fasting on 
the same day as elastography was performed. Laboratory tests, in-
cluding the measurement of aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), total bilirubin levels, and platelet 
counts, were conducted using automated methods.

  Histological Liver Assessment 
 Percutaneous ultrasound-guided liver biopsy was performed 

on the right lobe of the liver using a Tru-Cut semiautomatic 
18-gauge needle apparatus (Monopty; CR Bard, Tempe, Ariz., 
USA) within 2 weeks before the start of the initial treatment. The 
liver biopsy specimens were fixed in formalin, embedded in paraf-
fin, and stained with hematoxylin and eosin, and Masson’s tri-
chrome stain. All biopsy specimens were examined by pathologists 
who were blinded to the patient characteristics. Liver fibrosis was 

scored using the New Inuyama classification. The stage of fibrosis 
was classified from F0 to F4 as follows: F0 = no fibrosis; F1 = fibro-
sis portal expansion; F2 = bridging fibrosis (portal-portal or por-
tal-central linkage); F3 = bridging fibrosis with lobular distortion 
(disorganization); and F4 = cirrhosis  [23] .

  Transient Elastography 
 Transient elastography (TE) was performed using a dedicated 

LSM device, namely a FibroScan 502 with the M-probe (Echosens, 
Paris, France). TE was carried out just before and 1 month after the 
start of the initial treatment. The procedure was performed on the 
right lobe of the liver through the intercostal space, with patients 
in the supine position. Examinations that achieved no successful 
measurements after  ≥ 10 attempts were deemed failures. The me-
dian LSM value (in kPa) was considered as being representative of 

 Table 1.  Patients’ baseline characteristics

Age, years 66.6 ± 2.2
Males 1 (11.1%)
Females 8 (88.9%)
Height, cm 154.6 ± 8.5
Weight, kg 54.3 ± 11.5
BMI 22.8 ± 5.4
F stage

0 0
1 1
2 4
3 4
4 0

Jaundice 0
Liver congestion 0
Pleural effusion 0
Ascites 0
Encephalopathy 0

 Table 2. Elastographic and hematological data before and after 
initial treatment

Before initial 
treatment

After initial 
treatment

p
value

LSM, kPa 15.5 ± 9.6 7.2 ± 2.3 0.034
LFI 1.67 ± 0.67 1.61 ± 0.66 0.842
AST, IU/l 274.7 ± 168.3 22.9 ± 7.5 0.002
ALT, IU/l 360.6 ± 319.5 29.8 ± 13.5 0.015
Serum bilirubin, g/dl 1.1 ± 0.4 0.9 ± 0.3 0.418
Platelet count, ×109/l 18.8 ± 7.6 20.0 ± 6.5 0.733

The mean values of LSM, LFI, AST, ALT, serum bilirubin, and 
platelet count before and after initial treatment are given. There 
were significant decreases in LSM (p = 0.034), AST (p = 0.002), and 
ALT (p = 0.015). ALT = Alanine aminotransferase; AST = aspartate 
aminotransferase; LFI = liver fibrosis index; LSM = liver stiffness 
measurement.
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the elastic modulus of the liver. As an indicator of variability, the 
ratio of the interquartile range (IQR) of the LSM to the median 
value (IQR/M) was calculated. Examinations with <10 valid mea-
surements or an IQR/M >30% or a success rate <60% were consid-
ered potentially unreliable  [19] .

  Real-Time Tissue Elastography 
 Real-time tissue elastography (RTE) and TE were performed 

on the same day, just before and 1 month after the start of the ini-
tial treatment, and continued until the next TE. The procedure was 
performed after overnight fasting using ultrasound (EUB-8500 or 
HI VISION Ascendus; Hitachi, Tokyo, Japan) and an EUP-L52 
linear type probe (3–7 MHz; Hitachi), by means of a previously 
reported method  [4, 6] . The liver fibrosis index (LFI) was calcu-
lated using a multiple regression equation with feature values ob-
tained from RTE images, for the diagnosis of liver fibrosis in pa-
tients with chronic hepatitis C  [1] . An examiner who was unaware 
of the patient’s background selected 10 high-quality images for the 
estimation of the median LFI. In the current study, the median LFI 
was used as an objective evaluation of RTE values.

  Statistical Analysis 
 Descriptive statistics are shown as mean ± SD, median (range), 

or percentage, as appropriate. Correlation between the data was 
tested using nonparametric Spearman rank correlation analysis. 
Differences were considered statistically significant at p values 
<0.05. Analysis was performed using the SPSS Statistics 20 soft-
ware (IBM, Armonk, N.Y., USA).

  Results 

 Demographics and Baseline Features 
 A total of 9 cases were enrolled. The clinical character-

istics and laboratory data are shown in  table 1 . Eight pa-
tients (88.9%) were women. The patients’ mean age was 
66.6 ± 2.2 years. In the pathological diagnosis, 1 case was 

in F1, 4 cases were in F2, and 4 cases were in F3 ( table 1 ). 
Jaundice, congestive liver, pleural effusion, ascites, and 
encephalopathy were not observed ( table  1 ). The LSM 
and LFI were measurable in all cases. There was no sig-
nificant correlation between elastographic and hemato-
logical data at baseline.

  Comparison of Hematological Laboratory Findings, 
Liver Stiffness, and LFI at Baseline and after Initial 
Treatment 
 AST (p = 0.002) and ALT (p = 0.015) levels were sig-

nificantly decreased after the initial treatment with ste-
roid. However, there was no significant change in serum 
bilirubin level (p = 0.418) or platelet count (p = 0.733) 
( table 2 ). The LSM was 15.5 ± 9.6 kPa at baseline and de-
creased to 7.2 ± 2.3 kPa after initial treatment (p = 0.034). 
The LFI was 1.67 ± 0.67 at baseline and 1.61 ± 0.66 after 
the initial treatment; there was no significant change in 
LFI (p = 0.842) ( fig. 1 ;  table 2 ).

  Relationship between LFI and LSM 
 At baseline, LFI and LSM were not significantly cor-

related, but a strong correlation was observed between 
LFI and LSM after initial therapy ( fig. 2 ).

  Relationship between ΔLFI and ΔLSM 
 ΔAST, ΔALT, and ΔLSM represent the amount of 

change in AST, ALT, and LSM, calculated as follows: 
(date after treatment – date at baseline)/date at baseline. 
The trend in ΔLSM correlated with the trend in ΔAST 
and ΔALT. Between ΔALT and ΔLSM, a significant re-
gression equation could be calculated as follows: ΔALT = 
–0.55 + 0.654 × ΔLSM ( fig. 3 ).
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  Fig. 1.  Line graph and box-and-whisker 
plot of LFI and LSM changes. The color of 
the line graph is the same in LFI ( a ) and 
LSM ( b ) in each case. The LSM was 15.5 ± 
9.6 kPa at baseline and decreased to 7.2 ± 
2.3 kPa after initial treatment (p = 0.034). 
The LFI was 1.67 ± 0.67 at baseline and 1.61 
± 0.66 after the initial treatment; there was 
no significant change in LFI (p = 0.842). 
LFI = Liver fibrosis index; LSM = liver stiff-
ness measurement; BT = before treatment; 
AT = after treatment. 
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  LFI and LSM in the Various Fibrosis Stages 
 The LFI gradually increased in accordance with the 

progress of liver fibrosis. Baseline LSM also significantly 
increased in accordance with the progress of liver fibrosis 
( fig. 4 ).

  Discussion 

 Since the mean LSM at baseline was very high (15.5 ± 
9.6 kPa), in some cases it might be misdiagnosed as cir-
rhosis. After initial treatment the LSM was significantly 
reduced to 7.2 ± 2.3 kPa. The observation interval was 
only 1 month; liver fibrosis seemed not to have changed.

  There were no jaundice or liver congestion cases in 
this study. Moreover, such a relationship between ΔALT 
and ΔLSM could be established (ΔALT = –0.55 + 0.654 
× ΔLSM), so the main cause of the reduction in LSM was 
considered to be an improvement in inflammation. 
Thus, at baseline the mean LSM seems to have been 
mainly influenced by inflammation and liver fibrosis. 
After treatment, the inflammation was assumed to be 
substantially healed, and liver stiffness after treatment 
could be assumed to reflect only the effect of hepatic fi-
brosis.

  In the current study, we used TE for shear wave imag-
ing; however, TE can be substituted by other shear wave 
imaging devices, because there is a strong correlation be-
tween LSM and the liver stiffness calculated by other 
shear wave imaging devices  [7] .

  On the other hand, the LFI was not changed after ini-
tial treatment; it seems to be mainly influenced by liver 
fibrosis, not by inflammation. In my opinion, since the 
liver fibrosis level can be evaluated by the LFI, it is pos-
sible to predict the LSM corresponding to the liver fibro-
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  Fig. 2.  Scatter diagram of the relationship between LFI and LSM before ( a ) and after initial treatment ( b ). A strong 
correlation was observed between LFI and LSM after initial therapy. LFI = Liver fibrosis index; LSM = liver stiff-
ness measurement. 

  Fig. 3.  Relationship between ΔALT and ΔLSM. ΔALT and ΔLSM 
represent the amount of change in ALT and LSM, calculated as 
follows: (date after treatment – date at baseline)/date at baseline. 
Between ΔALT and ΔLSM, a significant regression equation could 
be calculated as follows: ΔALT = –0.55 + 0.654 × ΔLSM. ALT = 
Alanine aminotransferase; LSM = liver stiffness measurement.     

－194－



 Yada/Sakurai/Minami/Arizumi/Takita/
Hagiwara/Ida/Ueshima/Nishida/Kudo

 

 Oncology 2017;92(suppl 1):10–15 
DOI: 10.1159/000451011

14

sis. If the LSM at pretreatment is much greater than the 
predictive value using the LFI, it can be determined that 
the degree of inflammation is high. In this way, if there 
is a discrepancy of LSM and LFI with the simultaneous 
use of shear wave and strain imaging (combinational 
elastography), the other influence to accelerate the prop-
agation speed of shear wave, such as inflammation, jaun-
dice, or liver congestion, could be grasped.

  Unfortunately the sample size of this study was too 
small, so the degree of predictive evaluation of inflam-
mation could not be determined accurately. It is neces-
sary to verify this by studying further cases, with other 
liver diseases or conditions. At least, combinational elas-
tography was useful in evaluating not only the degree of 
liver fibrosis, but also the degree of liver inflammation in 
AIH.

  Conclusions 

 Changes in LSM, LFI, and hematological features 
were examined before and after the initial treatment of 
patients with AIH. After successful treatment with ste-
roid, AST and ALT levels promptly improved and the 
LSM also greatly decreased. However, there was no sig-
nificant change in LFI. Using shear wave imaging and 

strain imaging simultaneously (combinational elastogra-
phy), it may be possible to determine not only the degree 
of liver fibrosis, but also the degree of severity of condi-
tions such as liver inflammation in AIH.
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ease for this treatment is reportedly 12–41% in patients with 
advanced cancer. Therefore, immunosuppressive forces in 
the microenvironment of HCC may cause resistance to im-
mune therapy, and modification of the tumor microenviron-
ment may restore normal anticancer immunity. In this re-
view, we focus on the immunological microenvironment of 
HCC tissues and discuss how the immunosuppressive envi-
ronment of HCC should be modulated to achieve a favorable 
response to immune therapy, such as immune checkpoint 
therapy, in HCC.  © 2016 S. Karger AG, Basel 

 Introduction 

 Hepatocellular carcinoma (HCC) is one of the leading 
causes of cancer death, and the prognosis of patients with 
advanced tumors that are not suitable for locoregional 
treatment remains unfavorable  [1–5] . Several types of im-
mune therapies have been applied for the treatment for 
advanced cancer, including HCC, yet the response of 
HCC to immune therapy has not been satisfactory. How-
ever, since the degree of lymphocyte infiltration in HCC 
tissues is closely associated with recurrence after liver re-
section and transplantation  [6, 7] , the immune response 
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 Abstract 
 Despite recent advances in the treatment of hepatocellular 
carcinoma (HCC), the prognosis of patients with advanced 
stage of disease remains unfavorable. Several immune ther-
apies have been applied to HCC, and their responses have 
not been satisfactory. The immune response to cancer is de-
termined by the balance between the antigenicity of the tu-
mor and the microenvironment of cancer tissues. Generally, 
accumulated genetic mutations are observed in HCC, which 
may lead to increased neoantigens on cancer cells with high 
antigenicity. However, cancer cells may evade the immune 
system because of alterations in molecules and cellular path-
ways involved in antigen processing and presentation. In ad-
dition, hypoxia in tissue induces several cytokines, chemo-
kines, and immunosuppressive molecules from HCC cells 
and stromal cells. These cells also produce cytokines that at-
tract regulatory T cells infiltrating tumor tissues and contrib-
ute to establishing an immunosuppressive microenviron-
ment. Some cancers show a good response to immune 
checkpoint therapy. However, prolonged stabilization of dis-
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should be critical for eliminating HCC cells  [8, 9] . It was 
recently reported that some types of cancers, such as mel-
anoma, non-small-cell lung cancer, and renal cell carci-
noma, showed a good response to immune checkpoint 
therapy using antibodies against programmed cell death 
protein 1 (PD-1), programmed cell death 1 ligand 1 (PD-
L1), and cytotoxic T-lymphocyte-associated protein 4 
(CTLA-4)  [9–11] . However, tumor antigenicity and 
background immune conditions differ among individu-
als, affecting the response to immune therapies, including 
immune checkpoint blockade  [8] . In this review, we focus 
on the immunological microenvironment of HCC tissues 
in the context of the disturbance of immunity in cancer 
and discuss how the immunosuppressive microenviron-
ment of HCC should be modulated to achieve a favorable 
response in the immune therapy of HCC.

  Immune Response and Rejection of Cancer Cells 

 Antigen uptake by dendritic cells (DCs) triggers the 
immune response and rejection of cancer cells. DCs be-
come active through the recognition of specific molecular 
structures, such as pathogen-associated molecular pat-
terns (PAMPs) in pathogens and damage-associated mo-
lecular patterns (DAMPs) in damaged cells, by the pat-
tern recognition receptors. Activated DCs express co-
stimulatory factors (CD80 and CD86), and inflammatory 
cytokines (such as interleukin-12, IL-12) migrate to the 
regional lymph nodes and present the processed antigen 
on major histocompatibility complex (MHC) class II 
molecules for recognition by naïve CD4+ T cells ( fig. 1 ). 
Subsequently, the activation and proliferation of CD4+ T 
cells are triggered by binding of the antigen on MHC class 
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Tumor associated antigen 
(TAA)

Oncofetal antigen: AFP, GPC3
Cancer/testis antigen: MAGEA, NY-ESO-1
Neo-antigen: mutated protein

Regional lymph 
nodes

DC

DC Cross
presentation

CD8+

T cellCD4+

T cell

IFN-
Th1 polarization

IFN-
Granzyme B

perforin

CD8+

CTL

MHC-I

MHC-II

TCR

TAA
CD28

CD80/86
Fas

FasL

  Fig. 1.  Recognition and immune rejection of HCC cell by CTLs. 
DCs become active through the uptake and recognition of TAAs 
by the pattern recognition receptors. Activated DCs express co-
stimulatory factors (CD80 and CD86) and IL-12, migrate to the 
regional lymph nodes, and present the processed antigen on MHC 
class II molecules for recognition by naïve CD4+ T cells. The acti-
vated CD4+ T cells differentiate to IFN-γ-producing type 1 Th 
cells (Th1 polarization). Th1 cells also help DCs to present exog-

enous antigens on MHC class I molecules to CD8+ T cells (cross-
presentation), which induces the development of CD8+ CTLs. 
CTLs exert anticancer effects by producing IFN-γ and releasing 
granzyme B and perforin. Fas-dependent mechanisms also con-
tribute to the cytotoxic effect of T cells. AFP = Alpha-fetoprotein; 
MAGEA = melanoma-associated antigen; NY-ESO-1 = New York 
esophageal squamous cell carcinoma-1. 
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II to T cell receptor (TCR) and CD80/CD86 to CD28 on 
the lymphocyte. The activated CD4+ T cells express the 
CD40 ligand that binds to CD40 on antigen-presenting 
cells (APCs), leading to the production of IL-12 from 
APCs, and enhances the differentiation of CD4+ T cells 
to interferon gamma (IFN-γ)-producing type 1 T helper 
(Th1) cells (Th1 polarization). Accordingly, Th1 cells 
help DCs to present exogenous antigens on MHC class I 
molecules to CD8+ T cells (cross-presentation), which 
induces the development of CD8+ cytotoxic T lympho-
cytes (CTLs). CTLs exert anticancer effects by producing 
IFN-γ and releasing granzyme B and perforin ( fig.  1 ). 
They also have cytotoxic effects in cancer cells by interact-
ing with TNF receptor superfamily member 6 (Fas) and 
TNF ligand superfamily member 10 on cancer cells. These 
processes may act in concert; sufficient induction of the 
Th1 response and proliferation of anticancer CTLs may 
be critical for the immune reaction to cancer.

  Cells and Cytokines Related to Immune Response 
and Suppression in HCC 

 Helper T Cells and Related Cytokines 
 As described above, naïve CD4+ T cells are activated 

through the recognition of antigens on MHC class II mol-
ecules and co-stimulatory factors on DCs; the differentia-
tion of CD4+ T cells depends on the profile of cytokines 
from APCs and CD4+ T cells. In the presence of IL-12 
and IFN-γ, CD4+ T cells express Th1-specific T-box 1 
transcription factor and differentiate into Th1 cells, lead-
ing to the activation of CD8+ T cells (or CTLs) and mac-
rophages. In the presence of IL-4, CD4+ T cells express 
the transcription factor GATA binding protein 3, which 
induces the differentiation of CD4+ T cells to Th2 cells. 
Th2 cells produce Th2 cytokines, such as IL-4, IL-5, and 
IL-13, and enhance the humoral immune response. It has 
been reported that increased expression of Th1 cytokines 
in HCC tissues is associated with longer patient survival, 
whereas expression of Th2 cytokines is associated with 
vascular invasion and the metastatic recurrence of cancer 
 [12] .

  The presence of transforming growth factor beta 
(TGF-β) and IL-2 induces the expression of the master 
transcription factor forkhead box P3 (FOXP3), which in-
duces the differentiation of naïve CD4+ T cells to regula-
tory T cells (Tregs). These cells may play an important 
role in the immunosuppressive environment of cancer 
cells  [13] . Naïve CD4+ T cells also differentiate into Th17 
cells in the presence of IL-6 and TGF-β. Th17 cells play a 

role in the activation of neutrophils and the progression 
of inflammation.

  The recognition of antigen and CD80/86 induces acti-
vation of the PI3K-Akt-mTOR pathway in CD8+ T cells 
through signaling from TCR and CD28. One of the down-
stream targets of mTOR, interferon regulatory factor 4, 
induces Th1-specific T-box 1 transcription factor as well 
as hypoxia-inducible factor 1-alpha (HIF-1α). The latter 
induces glucose transporter 1 on the T cell membrane, 
enhances glycolysis, and plays a role in its effector func-
tion. It is also known that immune checkpoint molecules, 
such as CTLA-4 and PD-1, suppress activation of the 
PI3K-Akt-mTOR pathway in T cells  [14, 15] .

  Adenosine triphosphate (ATP) is also considered crit-
ical for the effector function of T cells. Extracellular ATP 
stimulates the production of IL-2 in CD8+ T cells by in-
creasing the intracellular concentration of calcium  [16] . 
In contrast, adenosine binds to the adenosine A2A recep-
tor on T cells and decreases intracellular calcium concen-
tration. This process suppresses the proliferation and cy-
totoxic effects of CD8+ cells and reduces Th1 cytokines 
( fig. 2 )  [16] .

  Regulatory T Cells 
 Tregs play a central role in peripheral immune toler-

ance that acts as a regulator of self-reactive T cells. Tregs 
constitutively express CTLA-4 and glucocorticoid-in-
duced TNF receptor; their expression is regulated by 
FOXP3  [13] . In contrast to the stimulatory receptor CD28 
on T cells, CTLA-4 acts as a repressive receptor to CD80/
CD86 and inhibits T cell activation. Tregs also possess 
IL-2 receptor subunit α (CD25) and reduce IL-2 in the 
microenvironment by associating with CD25. As IL-2 is 
essential for the differentiation and proliferation of CTLs, 
a decrease in IL-2 is expected to induce immune suppres-
sion ( fig. 2 ). In addition, Tregs convert extracellular ATP 
into adenosine through the function of CD38 and CD78; 
adenosine binds to the adenosine A2A receptor on effec-
tor T cells and suppresses its function  [17] . Tregs also 
produce several regulatory cytokines for immune reac-
tions  [18] . For example, TGF-β and IL-35, which are pro-
duced by Tregs, exert suppressive effects on T cell prolif-
eration. Granzyme B from Tregs induces the apoptosis of 
effector T cells  [19] ; Tregs express an epidermal growth 
factor ligand, amphiregulin, which promotes the prolif-
eration of epithelial cells and induces the extracellular 
matrix  [20, 21] . These effects act in concert and contrib-
ute to establishing the immunosuppressive microenvi-
ronment of HCC tissue ( fig. 2 ). Recently, several studies 
have shown that cancer cells can induce chemokines that 
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may help Tregs to migrate into cancerous tissues  [22] . 
Recruitment of Tregs reportedly fosters tumor progres-
sion and is associated with the poor prognosis of HCC; 
the chemokine C-C motif ligand 20 cooperates with its 
receptor chemokine receptor 6 and induces Tregs to HCC 
 [23] .

  Dendritic Cells 
 DCs link the innate immune systems to adaptive sys-

tems; the main function of DCs is to process antigens and 
present them on MHC molecules to T cells. As described 
above, activation of DCs takes place through the recogni-
tion of molecules with specific structures such as PAMPs 
and DAMPs with the pattern recognition receptors  [24] . 
They produce cytokines responsible for the adaptive im-
mune response, such as IL-12 and type 1 interferon, 

which initiate the adaptive immune response. Once acti-
vated, they induce expression of MHC class II and co-
stimulatory factor CD80/86, migrate to the regional 
lymph nodes, and interact with and activate T cells ( fig. 1 ). 
In addition, cross-presentation of processed antigens by 
DCs induces the activation of CD8+ T cells that act as 
CTLs. As several DAMPs can be released from cancer 
cells during inflammation and cell death, cross-presenta-
tion by DCs is critical for initiating an immune response 
to cancer ( fig. 1 ). It has also been reported that CD14+ 
DCs express high levels of CTLA-4 and suppress T cell 
effects by inducing IL-10 and indoleamine 2,3-dioxygen-
ase (IDO)  [25] . The enzymatic action of IDO depletes 
tryptophan in the microenvironment, leading to the inhi-
bition of antigen-specific T cell proliferation.
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  Fig. 2.  Immune cells, cytokines, and molecules that contribute to the immunosuppressive microenvironment 
in HCC. A2AR = Human adenosine receptor A2A; CAF = cancer-associated fibroblast; CXCL12 = stromal 
cell-derived factor α; LAG-3 = lymphocyte activation gene 3; MMP = matrix metalloprotease; PGE2 = prosta-
glandin E2. 
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  Macrophages 
 Macrophages are found in all types of tissues and exert 

a phagocyte function. In addition, they play a critical role 
in innate and adaptive immunity by recruiting other 
types of immune cells and presenting antigens to T cells. 
Macrophages in cancerous tissues (tumor-associated 
macrophages, TAMs) are mainly derived from mono-
cytes from the bone marrow and spleen. They represent 
different functions and features based on the tissue mi-
croenvironments. Generally, in the presence of Th1 cyto-
kines, such as IFN-γ and Toll-like receptor ligands, mac-
rophages express Th1 cytokines, inflammatory cytokines 
(such as IL-1β, IL-6, IL-12, and TNF-α), reactive oxygen 
species (ROS), and nitric oxide (NO); macrophages play 
a critical role in pro-inflammatory response and patho-
gen clearance. They also induce the cytotoxicity of target 
cells, which is critical for anticancer immunity, and they 
are known as M1 macrophages. In contrast, Th2 cyto-
kines (such as IL-4 and IL-13) and TGF-β induce M2 
macrophages that are important for the anti-inflammato-
ry response, wound healing, angiogenesis, and tissue re-
modeling. M2 macrophages produce tumor-promoting 
and immunosuppressive cytokines and growth factors re-
lated to tissue regeneration and angiogenesis, such as IL-
10, TGF-β, arginase, prostaglandin E2, matrix metallo-
proteinase 7/9, epidermal growth factor, insulin-like 
growth factor, vascular endothelial growth factor (VEGF), 
and platelet-derived growth factor (PDGF)  [26] . There-
fore, the balance between M1 and M2 in TAMs is impor-
tant for cancer immune therapy ( fig. 2 ).

  Several bone marrow-derived cells resembling macro-
phages have also been detected in cancer tissues. These 
are considered precursors of granulocytes, monocytes, 
and macrophages and are known as myeloid-derived 
suppressor cells (MDSCs)  [27] . These cells are recruited 
upon stimulation of cytokines from cancer cells and exert 
immunosuppressive and tumor-promoting effects. From 
an immunological perspective, they disturb both CD4+ 
and CD8+ responses through the enzymatic activity of 
arginase and arginine depletion  [28]  and induce ROS and 
NO, which leads to disruption of TCR signaling ( fig. 2 ) 
 [29] . TGF-β and IL-10 from MDSCs suppress natural 
killer (NK) cell activity and induce the expansion of Tregs, 
respectively  [30] . The number of MDSCs is reportedly as-
sociated with the aggressiveness of HCC  [28, 31] .

  The Th1/Th2 and M1/M2 balance in cancer tissues 
may also be affected by the interaction between MDSCs 
and TAMs. IL-10 derived from MDSCs downregulates 
IL-12 in TAMs, leading to Th2 polarization. IL-4 from 
Th2 induces the development of M2 macrophages ( fig. 2 ).

  NK Cells 
 NK cells also show a cytotoxic effect among the cells 

involved in the innate immune system. The role of NK 
cells is similar to that of CTLs in the adaptive immune 
system. Compared to T cells, NK cells react more quickly 
during immune reactions. Typically, CTLs recognize an-
tigens on MHC and subsequently release cytokines, lead-
ing to cell lysis and apoptosis. NK cells can also recognize 
target cells in the absence of MHC. This ability is particu-
larly important because cancer cells that are missing 
MHC I molecules can be detected and killed only by NK 
cells.

  The mechanism of how NK cells target cancer cells 
missing MHC I molecules is mainly attributed to the bal-
ance in the signals from killer activation receptors (KARs) 
and inhibitory receptors in this cell. There are different 
types of KARs; one of the KARs is known as natural killer 
group 2D (NKG2D), which is a group of inhibitory recep-
tors including inhibitory killer-cell immunoglobulin-like 
receptors (KIRs) and receptors known as immune check-
point molecules, such as PD-1 and T-cell immunoglobu-
lin and mucin-domain containing-3 (TIM3). For target 
detection, NK cells examine the target cell surface using 
KIRs and determine the expression level of MHC class I 
molecules. If engagement of KIRs to MHC class I mole-
cules is insufficient, killing of the target cell proceeds. 
However, sufficient binding of MHC class I molecules to 
KIRs prevents killing of the target cell because the killing 
signal is overridden by the suppression signal.

  The NKG2D ligand is known to be unregulated by 
DNA damage and cell stress in target cells  [32] . In con-
trast, chronic exposure of the NKG2D ligand to NK cells 
can lead to downregulation of NKG2D and induce anergy 
of this cell  [33] . Stress-induced molecules, such as MHC 
class I polypeptide-related sequence A and B (MICA and 
MICB), are ligands of NKG2D and contribute to cancer 
elimination by NK cells. Although MICA and MICB are 
induced by DNA damage in many cancers  [34] , the solu-
ble forms of MICs (sMICs), which are reportedly ex-
pressed in HCC, downregulate NKG2D and inhibit NK 
cells from killing the target ( fig.  2 )  [35–37] . Another 
stress-induced ligand, the unique long 16 binding protein 
family, also binds to NKG2D and downregulates its ex-
pression in poorly differentiated HCCs. In addition, the 
recurrence of HCC in patients was significantly associ-
ated with downregulation of ULBP1 after resection  [38] . 
A recent report showed that the soluble form of another 
NKG2D ligand, soluble murine UL16-binding protein-
like transcript 1, could maintain NK function by prevent-
ing NKG2D downregulation in mice  [39] . Taken togeth-
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er, inhibition of NK cell anergy in cancer immunity 
should be a strategy for cancer immune therapy. A recent 
report suggested that a subset of NK T cells with FOXP3+ 
had an immunosuppressive function in human HCC 
 [40] .

  Hepatic Stellate Cells, Endothelial Cells, and 
Cancer-Associated Fibroblasts 
 Hepatic stellate cells and endothelial cells produce the 

C-X-C motif chemokine 12 (CXCL12)/stromal cell-de-
rived factor 1. CXCL12 induces tumor growth, migration, 
and invasiveness through C-X-C chemokine receptor 
type 4 (CXCR4) on cancer cells and also recruits endo-
thelial progenitors for tumor angiogenesis. Moreover, 
MDSCs, which play a crucial role in the immunosuppres-
sive tumor environment, are recruited to tumors in a 
CXCL12/CXCR4-dependent manner ( fig. 2 )  [41] . These 
tumor microenvironments of HCC, where the recruit-
ment and retention of immunosuppressive cells take 
place  [42] , should disturb effective immune therapies. 
Endothelial cells also induce Treg induction in a TGF-β-
dependent manner  [43] . These cells also express FasL, 
which plays a role in tumor invasion into the parenchyma 
and elimination of infiltrating CTLs  [44] . Cancer-associ-
ated fibroblasts also reportedly produce prostaglandin E2 
and IDO to suppress NK function ( fig. 2 )  [45] .

  Antigenicity of HCC Cells and Tumor-Associated 
Antigens/Neoantigens 

 CTLs can recognize specific antigens processed and 
presented on MHC class I molecules. Several types of 
molecules in cancer cells can act as tumor-associated an-
tigens (TAAs), such as cancer/testis (CT) antigens and 
differentiation antigens.

  Peptides specifically observed in the testis, ovary, and 
placenta may be detected in cancerous tissues, which are 
known as CT antigens. As germ cells do not express MHC 
molecules, CTLs that recognize CT antigens are typically 
not harmful to normal tissues and selectively attack can-
cer cells. Melanoma antigen and CT antigen 1 are isolated 
from melanoma and esophageal cancer; they are also de-
tected in other types of cancers, including HCC  [46] . 
TAAs such as oncofetal protein present in cancer cells are 
sometimes observed in corresponding normal tissues; 
α-fetoprotein and glypican-3 (GPC3) may also be a TAA 
in HCC. It has been reported that T cells expressing 
GPC3-targeted chimeric antigen receptor eliminated 
GPC3-positive HCC cells  [47] .

  HCC generally accumulates a variety of genetic and 
epigenetic alterations  [48–54] , and the products of mu-
tated genes may be cancer-specific neoantigens. In con-
trast to TAAs, neoantigens are not exposed to the im-
mune system before the emergence of cancer cells, poten-
tially making them ideal targets for the immune reaction. 
Abnormal products generated by point mutations, gene 
amplifications, abnormal splicing, and fusion genes may 
be targets of CTLs. In this case, common mutations spe-
cific for certain types of cancers may be good candidates 
for targeting. For example, overexpression of telomerase 
reverse transcriptase, which activates promoter mutation 
and integration of hepatitis B virus in the promoter as 
well as gene amplification, is common in HCC; vaccina-
tion using telomerase peptide has been reported in HCC 
 [55] . However, as cancer cells with high antigenicity 
should be eliminated during clonal expansion by antican-
cer immune reactions, the established tumor may become 
resistant to immune rejection. In addition, cancers caused 
by few common driver mutations show fewer antigenic 
characteristics compared to those with many passenger 
mutations because of the lower levels of neoantigens. For 
example, cancers with mismatch-repair deficiency carry 
numerous passenger mutations and show a good re-
sponse to immune checkpoint blockade  [11] . However, 
cancer is heterogeneous in terms of profile of mutations, 
and complete elimination of cancerous tissues may be 
difficult.

  Immunological Microenvironment and Treatment 
of HCC 

 As described above, immune cell functions are affected 
by the background condition of the immune system and 
the antigenicity of the tumor ( fig. 2 ). During tumor de-
velopment, cells with strong antigenicity should be re-
moved by the host immune system. For example, the re-
sponse of anti-TAA CD8+ T cell is higher in cases with 
early-stage HCC than those with advanced-stage HCC 
 [46] ; the immunosuppressive microenvironment with 
defects of effector T cells is more prevalent in advanced 
HCC tissues  [56] . Chronic stimulation of TAAs can in-
duce the expression of immune regulatory receptors and 
ligands and cytokines that lead to the anergy of immune 
cells. In HCC patients, it was reported that anti-TAA 
CD8+ T cells in the peripheral blood induced IFN-γ upon 
stimulation; tumors infiltrating CD8+ T cells failed to do 
so  [46] . In addition, cancer cells may have defects in the 
processing and presentation of TAAs, which may be a 
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target of the immune system  [57] ; mutation or deletion
of β2 microglobulin causes defects in MHC class I mole-
cules ( fig. 3 )  [58] . Immune checkpoint molecules, such as 
CTLA-4, PD-1, TIM3, lymphocyte-activating gene 3 pro-
tein, and B and T lymphocyte attenuator, are also in-
volved in establishing an immunosuppressive environ-
ment of cancer. Constitutive activation of the gene coding 
for PD-L1 should impair the response to cancer cells. For 
example, the expression of PD-L1 is induced by the loss 
of phosphatase and tensin homolog deleted from chro-
mosome 10 in glioma. Amplification of the PD-L1 coding 
gene and stabilization of PD-L1 mRNA caused by dele-
tion of the 3 ′ -untranslated region of this gene also induce 
increased expression of PD-L1 in adult T-cell leukemia, 
B-cell lymphoma, and gastric cancer  [59, 60] . In addition, 
PD-L1 is a direct target of HIF-1α. As hypoxia is a com-
mon feature of HCC tissue, HIF-1α may increase PD-L1 
expression in the tumor as well as MDSCs and macro-
phages in HCC ( fig. 3 )  [61] . The binding of PD-1 to PD-
L1 on macrophages induces IL-10 release and CD4+ T-
cell repression. High expression of PD-L1 and PD-1 in 
HCC, CD8+ T cells, and DCs is associated with tumor 

aggressiveness and recurrence after HCC resection  [62–
64] . TIM3 and its ligand, galectin-3, also suppress the T-
cell response. Infiltrating CD4+ and CD8+ T cells in HCC 
also show increased expression of TIM3  [65] .

  Activation of cellular signaling pathways in cancer also 
induces the expression of several cytokines and growth 
factors; these also contribute to the establishment of the 
immunosuppressive environment in HCC tissues. For 
example, TGF-β, IL-6, IL-8, IL-10, IDO, arginase, aden-
osine, lactic acid, VEGF, PDGF, EGFR ligands, sIL-2, 
sMICA, Tregs inducing chemokines, and immune check-
point-related molecules may be derived from HCC and 
stromal cells around the tumor; these molecules may act 
in concert and induce Treg accumulation and Th2 and 
M2 polarization along with HCC progression ( fig. 2 )  [23, 
28, 59, 60, 66–73] .

  In HCC, it has been reported that Tregs suppress DC 
function through CTLA-4 on their surface. This prevents 
CD28 binding to CD80/86 and downregulates the stimu-
lation of CD4+ and CD8+ T cells. In addition, CTLA-4 
induces immunosuppressive molecules such as IL-10, ar-
ginase, and IDO. IDO is an enzyme involved in the kyn-
urenine pathway and depletes tryptophan. Through this 
enzymatic effect, T-cell activation is inhibited, Treg func-
tion is enhanced, and naïve CD4+ T cells are prone to dif-
ferentiate into Tregs.

  IDO is expressed in HCC as well as cancer-associated 
fibroblasts  [45, 67] . It has also been reported that IFN-γ 
from activated T cells upregulates IDO in macrophages 
and suppresses T-cell proliferation in HCC; IDO inhibi-
tors can reverse this process  [74] . The enzymatic action 
of arginase also depletes  L -arginine and induces immune 
suppression. The hypoxic environment of HCC can in-
duce arginase in TAMs and MDCS.

  IFN-γ from CD4+ and CD8+ T cells, which is critical 
for the induction of CTLs, induces PD-L1 on APCs and 
cancer cells and causes T-cell exhaustion. It also stimu-
lates TAMs to induce galectin-9 and IL-6, which in turn 
induces IL-10 production from MDSCs. Galectins, such 
as galectin-1, -3, and -9, are also associated with the im-
mune escape of HCC cells ( fig. 2 ), and galectin-3 is asso-
ciated with the poor prognosis of HCC  [75] . Galectin-1 is 
also known as a driver of Th2 polarization and as an in-
ducer of Tregs  [76] . As described above, both galectin-3 
and galectin-9 are ligands of TIM3.

  Cancer cells can release stromal cell-derived factor 1/
CXCL12 to induce MDSCs. MDSCs promote tumor pro-
gression and angiogenesis through VEGF production 
 [31] . They also mediate immunosuppression by disturb-
ing NK and T-cell functions through TGF-β, IL-10, ROS, 

Defect in antigen peptide transporter 1 and 2
Mutation or deletion of 2 macroglobulin gene

Loss of PTEN
Gene amplification of the PD-L1
Deletion of the 3 -untranslated region of the PD-L1 
HIF-1 expression
IFN- stimulation

MHC-I

PD-L1

HCC CTL

PD-1

immune
evasion

TCR

  Fig. 3.  T cell exhaustion in the cancer microenvironment. Muta-
tion or deletion of antigen peptide transporter and β2 microglobu-
lin causes defects in MHC class I molecules. On the other hand, 
constitutive activation of the gene coding for PD-L1 should impair 
the response to cancer cells. The expression of PD-L1 is induced 
by the loss of phosphatase and tensin homolog deleted from chro-
mosome 10 (PTEN) in glioma. Amplification of the PD-L1 coding 
gene and stabilization of PD-L1 mRNA caused by deletion of the 
3 ′ -untranslated region of this gene also induce increased expres-
sion of PD-L1 in leukemia, B cell lymphoma, and gastric cancer. 
HIF-1α and stimulation by IFN-γ also increase PD-L1 expression 
in the tumor. 
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and prostaglandin E2 production as well as the enzymat-
ic action of IDO ( fig. 2 ). It has been reported that HCC 
and Tregs produce and respond to the EGFR ligand am-
phiregulin, which induces HCC growth and stimulates 
Tregs  [21, 68] . Hypoxia can induce PD-L1 in HCC and 
MDSCs; the latter produces IL-10, TGF-β, and arginase. 
Adenosine blocks the effector function of CD4+ and 
CD8+ T cells and inhibits macrophages. In addition, it 
also induces pro-antigenic molecules such as PDGF, 
VEGF, and lactic acid and contributes to HCC progres-
sion.

  Conclusion 

 The immune response to HCC is determined by the 
balance between the antigenicity of the tumor and immu-
nological microenvironment of cancer tissues. The for-
mer is also attributed to the accumulation of mutations 
and alterations in cellular signaling in cancer cells. Ge-
netic and environmental factors of individuals related to 

immunity also affect the immune response to cancer. Im-
munosuppressive forces in the microenvironment of 
HCC may cause the resistance to immune therapy includ-
ing immune checkpoint blockade, and modification of 
the tumor microenvironment may restore normal anti-
cancer immunity. Therefore, comprehensive analyses of 
cancer tissues in terms of mutation, gene expression, cy-
tokines/chemokines, and infiltrated cell profiles are nec-
essary for the development of personalized immune ther-
apy in HCC.
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with Sonazoid  [1–8] . However, accurate assessment is not 
possible in the postvascular phase of CEUS because of 
hyperechoic areas on B-mode ultrasonography (US) that 
reflect the fat component in the tumor. In cases of hepa-
tocellular carcinoma (HCC) observed as a hyperechoic 
lesion, a combination of conventional observation with a 
low-mechanical index (MI) mode and examination with 
a high-MI mode increased the accuracy of lesion assess-
ment  [9–12] . This method has been used to observe the 
postvascular phase, and to date 4 cases of hepatic AML 
with Sonazoid uptake in the lesion have been identified. 
Histopathological study of the 4 resected AML lesions re-
vealed the localization of macrophages in the resected 
specimens. The present study elucidated the mechanism 
underlying the uptake of Sonazoid in these lesions.

  Subjects and Methods 

 Subjects 
 Four hepatic AML tumors from 4 patients (1 man and 3 

women; mean age 45 ± 10 years) resected at our hospital between 
March 2012 and May 2015 were examined. The tumor diameter 
in the histological specimens ranged from 3.6 to 11.0 cm. The 
tumor was observed as a hyperechoic lesion in 2 cases and as a 
hypoechoic lesion in 2 cases by B-mode US. However, during the 
postvascular phase, the tumor was observed as a hypoechoic le-

 Key Words 
 Sonazoid · Contrast-enhanced ultrasonography · 
Angiomyolipoma · CD68 

 Abstract 
 Four resected specimens of hepatic angiomyolipoma in 
which uptake of Sonazoid was observed in the postvascular 
phase of Sonazoid-enhanced ultrasonography were ana-
lyzed. Macrophage localization in the tumor was revealed 
pathologically by immunohistochemical staining for CD68. 
CD68-positive cells were observed in the tumor in all cases. 
The density of CD68-positive cells was 100/mm 2 , and the ra-
tio of CD68-positive cell density in the tumor to that in the 
surrounding parenchyma was 32–171%. These results sug-
gested that the uptake of the contrast agent Sonazoid was 
related to the density of CD68-positive cells. 

 © 2016 S. Karger AG, Basel 

 Introduction 

 Hepatic angiomyolipoma (AML) is a relatively rare tu-
mor typically observed as a hypervascular lesion in the 
arterial phase and a defective lesion in the postvascu-
lar phase of contrast-enhanced ultrasonography (CEUS) 
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 Table 1. Imaging and pathological results of CD68-positive cells in AML

Age, 
years/
sex

Diameter, 
cm

B-mode 
US

Postvascular phase of 
Sonazoid-enhanced US

 CD68-positive cells in AML

low MI high MI dens ity, 
per mm2

ratio of density compared 
with surrounding liver, %

40s/M 3.6 hyper iso Sonazoid uptake (+) 681 171
60s/F 6.5 hypo hypo Sonazoid uptake (+) 124 32
30s/F 8.5 hypo hypo Sonazoid uptake (+) 340 121
30s/F 11.0 hyper iso Sonazoid uptake (+) 129 68

a b c

  Fig. 1.  Dynamic CT image in a patient with 
hepatic angiomyolipoma in his 40s.  a  Plain 
CT shows a hypodense tumor measuring 
3.6 cm in diameter, suggesting a fatty com-
ponent in the tumor.  b  Arterial-phase CT 
shows arterial enhancement within the tu-
mor.  c  Portal-venous-phase CT shows a 
slight washout in the tumor. 

a b c d e f

T1 T2 T1 – in phase T1 – out of phase EOB-MRI – arterial
phase

EOB-MRI – hepatobiliary 
phase

  Fig. 2.  Plain and gadolinium ethoxybenzyl diethylenetriamine 
penta-acetic acid (Gd-EOB-DTPA)-MRI image in a patient with 
hepatic angiomyolipoma in his 40s.  a  T1-weighted image shows a 
low-intensity nodule in segment 6.  b  T2-weighted image shows a 
high-intensity nodule in segment 6.  c  In-phase image shows an 

isointense nodule.  d  Out-of-phase image shows a low-intensity 
nodule, suggesting a fatty component in the nodule.  e  Arterial 
phase of dynamic EOB-MRI shows arterial enhancement.  f  Hepa-
tobiliary phase of EOB-MRI shows a low-intensity nodule, with no 
hepatocyte within the tumor. 
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sion in 2 cases and as an isoechoic area in 2 cases (15 min to
12 h after intravenous injection of Sonazoid) by low-MI (0.20–
0.24) CEUS imaging. The presence of intratumoral Sonazoid was 
confirmed in all 4 cases by flash imaging with a high MI (1.0–1.2).

  Methods 
 Slices of the resected AML specimens were subjected to immu-

nohistochemical staining using an anti-CD68 antibody (KP1: 
IS609, Dako). High magnification (×40) of the tumor area and the 
non-tumor area (three randomly selected areas each) was per-
formed to obtain the CD68-positive cell count. The densities of 
CD68-positive cells in tumor areas were calculated. The ratio of 
CD68-positive cell density in the tumor to that in the surrounding 
liver parenchyma was also calculated. 

 Results 

 CD68-positive cells were present in the AML lesion, 
and the CD68-positive cell density was  ≥ 100 cells/mm 2  
in all 4 cases. The ratio of CD68-positive cell density in 
the tumor to that in the surrounding parenchyma was 
 ≥ 32% in all cases (32–171%) ( table 1 ;  fig. 1–6 ). The results 
of dynamic CT, EOB-MRI, angiography, US, and CEUS 
are shown in  figures 1–4 . The results of the pathological 
study, including immunohistochemical staining, are 
shown in  figures 5  and  6 .

a b

  Fig. 3.  Digital subtraction angiography 
(DSA) image in a patient with hepatic
angiomyolipoma in his 40s.  a  Arterial 
phase of DSA shows a hypervascular tu-
mor.  b  Venous phase of DSA shows tumor 
staining and early venous drainage from 
the tumor.         

a

d

b c

  Fig. 4.  Ultrasonography (US) image in a 
patient with hepatic angiomyolipoma in 
his 40s.  a  A hyperechoic nodule is demon-
strated on B-mode US.  b  Hypervascularity 
is shown in the arterial phase of contrast-
enhanced US (CEUS) with Sonazoid.  c  No 
perfusion defect is seen in the postvascular 
phase of CEUS with a low mechanical in-
dex (MI = 0.20).  d  The presence of So-
nazoid is clearly demonstrated with flash 
imaging using high acoustic power (MI = 
1.3).     
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  Discussion 

 Postvascular phase imaging by Sonazoid-enhanced US 
utilizes the phagocytic properties of macrophages such as 
Kupffer cells  [13] . Residual Sonazoid may indicate the 
presence of macrophages in AML lesions, which appear 

as low-intensity regions on ferumoxide-enhanced mag-
netic resonance imaging, as shown by Ketelslegers et al. 
 [14] . However, the current study is the first to report the 
localization of macrophages in AMLs at a density detect-
able by CEUS with Sonazoid.

a

b

  Fig. 5.  Resected specimen of a patient with 
hepatic angiomyolipoma in his 40s.  a  Mac-
roscopic view of the resected specimen.
 b  Magnification view image of the resected 
specimen suggests the presence of abun-
dant fatty cells in the tumor.         

b

a b c d

HE HMB-45 CD68 CD68 (non-tumor)

  Fig. 6.  Histopathology in a patient with hepatic angiomyolipoma 
in his 40s.  a  Histopathological features of the tumor (hematoxylin 
and eosin [HE] stain, ×40).  b  Immunohistochemical (IHC) stain-
ing shows HMB-45-positive cells in the tumor, confirming this 

nodule as angiomyolipoma.  c  IHC staining shows CD68-positive 
cells in the tumor. The ratio of CD68-positive cell density in the 
tumor to that in the surrounding parenchyma was 171%.  d  IHC 
staining of CD68 in the surrounding non-tumor parenchyma.     
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  Immunohistochemical staining for CD68 detects his-
tiocytes, including Kupffer cells and macrophages. CD68-
positive cells were detected within tumors in all AML cas-
es in this study, and Sonazoid uptake in the tumors was 
observed by CEUS with Sonazoid. The mean distribution 
density ratio was 98% (lowest density ratio 32%), which 
was higher than previously reported levels (approximate-
ly 20%) in HCC and metastatic liver cancer  [15] . This dif-
ference is likely to be associated with the mechanism by 
which Sonazoid is taken up by hepatic AML.

  CD68-positive cells detected in HCC and metastatic 
liver cancer are considered to be migrating macrophages, 
which differ from Kupffer cells that are resident macro-
phages in the sinusoids  [15] . The CD68-positive cells 
within the AML detected in the present study are likely to 
be histiocytes, such as migrating macrophages. It would 
be interesting to determine why these cells are densely 
localized in hepatic AML, but not in HCC or metastatic 
liver cancer.

  Furthermore, given that Sonazoid can be partially 
phagocytosed by vascular endothelial cells, the abun-
dance of blood vessels may be the determining factor in 
Sonazoid uptake in AML. This possibility should be in-
vestigated in future studies.

  Conclusion 

 CD68-positive cells were observed within AML lesions 
in which Sonazoid uptake was detected in the postvascu-
lar phase of Sonazoid-enhanced US. The cell density ratio 
was  ≥ 32% (32–171%). These cells were likely to be mi-
grating macrophages rather than Kupffer cells.

  Disclosure Statement 

 The authors declare no conflict of interest regarding this study.
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 Editorial 

 Liver Cancer 2017;6:177–184 

 A New Era of Systemic Therapy 
for Hepatocellular Carcinoma with 
Regorafenib and Lenvatinib   

 Introduction 

 The SHARP study in 2007  [1]  and the Asia Pacific study in 2008  [2]  led to the worldwide 
approval of sorafenib as the standard therapy for unresectable hepatocellular carcinoma 
(HCC). However, clinical trials investigating sunitinib  [3] , brivanib  [4] , and linifanib  [5]  as 
first-line treatments, with sorafenib as a control arm, failed to meet their primary endpoint 
of improving overall survival (OS). In addition, global phase III studies investigating second-
line therapy with brivanib  [6] , everolimus  [7] , and ramucirumab  [8] , and a regional trial 
investigating S-1 (tegafur/gimeracil/oteracil) in Japan, were unsuccessful ( Table 1 ). Thus, 
sorafenib was the only systemic therapeutic agent available for HCC, and for some time no 
options were available for patients with progressive disease or those intolerant to sorafenib. 
However, between June 2016 and January 2017, promising results of global phase III studies 
were reported. The results of a trial of regorafenib were reported at a conference  [9]  and in 
a journal  [10] , and results with lenvatinib were reported in a press release  [11] , indicating 
the arrival of a new era of liver cancer therapy.

  Sorafenib-Regorafenib Sequential Therapy 

 Sorafenib is the standard treatment for advanced-stage HCC (Barcelona Clinic Liver 
Cancer [BCLC] stage C) and the only therapeutic agent for advanced-stage HCC with vascular 
invasion and/or extrahepatic spread. However, in addition to patients with advanced-stage 
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HCC (BCLC-C), patients with intermediate-stage HCC (BCLC-B) were included in the SHARP 
study and the Asia Pacific study; therefore, sorafenib is a widely approved agent for systemic 
therapy not only for advanced-stage HCC but also for unresectable HCC (including interme-
diate-stage HCC). In fact, sorafenib is often administered to patients with intermediate-stage 
HCC (BCLC-B) in clinical practice and to 16.4–19.6% of patients in clinical trials worldwide 
 [3–5] .

  The population of patients with intermediate-stage HCC is extremely heterogeneous, 
comprising 3 main subpopulations: (1) patients with a good prognosis who can be treated 
with curative therapy, (2) those for whom transarterial chemoembolization (TACE) is indi-
cated, and (3) those for whom TACE is not recommended. This subclassification of interme-
diate-stage HCC recently became a well-discussed issue, and the Kinki criteria are used to 
subclassify patients with intermediate-stage HCC  [12, 13] . The OS of patients with B1, B2, and 
B3 HCC according to the Kinki criteria corresponds to that of patients with HCC of BCLC stages 
A, B, and C. In addition, patients with BCLC substage B2 HCC, especially those with multiple 
HCC tumors in both lobes, are not good candidates for TACE. For patients with intermediate-
stage HCC (BCLC-B) who do not respond to TACE, an early switch to sorafenib therapy (rather 
than repeat ineffective TACE) results in a better survival benefit; therefore, early identifi-
cation of patients that are refractory to TACE is crucial  [14–17] . These data underscore the 
importance of establishing globally recognized, common criteria for identifying TACE failure/
refractory patients in order to improve the survival of HCC patients  [18] .

 Table 1.  Phase III clinical trials for HCC

Target
population

Design Trial name Presentation Publication

Early
Adjuvant 
(prevention of 
recurrence)

1 Peretinoin vs. placeboa NIK-333 ASCO 2010 JG 2014
2 Sorafenib vs. placeboa STORM ASCO 2014 Lancet-O 2015
3 Peretinoin vs. placebo NIK-333/K-333 Ongoing

Intermediate
Improvement
of TACE

1 TACE +/– sorafeniba Post-TACE ASCO-GI 2010 EJC 2011
2 TACE +/– brivaniba BRISK-TA ILCA 2013 Hepatol 2014
3 TACE +/– orantiniba ORIENTAL EASL 2015

Advanced
First line 1 Sorafenib vs. sunitiniba SUN1170 ASCO 2011 JCO 2013

2 Sorafenib vs. brivaniba BRISK-FL AASLD 2012 JCO 2013
3 Sorafenib vs. linifaniba LiGHT ASCO-GI 2013 JCO 2015
4 Sorafenib +/– HAICa SILIUS EASL 2016
5 Sorafenib vs. lenvatinib REFLECT TBD
6 Sorafenib vs. nivolumab CheckMate 459 Ongoing

Second line 1 Brivanib vs. placeboa BRISK-PS EASL 2012 JCO 2013
2 Everolimus vs. placeboa EVOLVE-1 ASCO-GI 2014 JAMA 2014
3 Ramucirumab vs. placeboa REACH ESMO 2014 Lancet-O 2015
4 S-1 vs. placeboa S-CUBE ASCO-GI 2015
5 Regorafenib vs. placebob RESORCE WCGI 2016 Lancet 2017
6 Tivantinib vs. placebo JET-HCC Ongoing
7 Ramucirumab vs. placebo REACH-2 Ongoing
8 Pembrolizumab vs. placebo KEYNOTE-24 0 Ongoing

 HCC, hepatocellular carcinoma; TACE, transarterial chemoembolization; HAIC, hepatic arterial infusion 
chemotherapy. a Trial halted or with negative results. b Trial with positive results.
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  The results of the RESORCE study were published recently  [10] . The success of the study 
is attributed to the following 3 points: (1) patients for whom sorafenib therapy was termi-
nated because of adverse events were excluded from the trial, and second-line therapy with 
regorafenib was provided to HCC patients who had significant disease progression during 
sorafenib therapy; (2) vascular invasion and extrahepatic spread were considered as separate 
stratification factors to avoid imbalance in the 2 arms (test agent vs. placebo); and (3) patients 
showing tolerance to sorafenib (patients who tolerated 400 mg sorafenib daily for a minimum 
of 20 days within the last 28 days before radiological progression) were enrolled. This trial 
design prevented the risk of dropouts due to adverse events associated with regorafenib 
(since the toxicity of regorafenib is similar to that of sorafenib) and minimized the effect of 
post-trial treatment after disease progression  [18] . According to the results of the RESORCE 
trial, the median OS (mOS) of patients treated with regorafenib was 10.6 months (7.8 for 
placebo; HR 0.63;  p  < 0.0001) ( Table 2 ). Subgroup analysis revealed that the HR of OS in 
patients with a Child-Pugh score of 5 was significantly better than that in patients with a 
Child-Pugh score of 6 (0.60 [0.40–0.79] vs. 0.80 [0.57–1.13]). This also supports the following 
approach to improving prognosis in the future: an early switch to sorafenib when patients 
become refractory to TACE and still have good liver function, such as with a Child-Pugh score 
of 5, with a subsequent switch to regorafenib as soon as possible after patients have shown 
progressive disease on sorafenib.

  An exploratory analysis of the RESORCE trial showed a favorable OS of 26 months from 
the start of sorafenib therapy among patients who received sorafenib-regorafenib sequential 
therapy (19.2 months in the placebo group)  [19] . These are extremely important data, because 
the 26-month prognosis is comparable with the conventional figure after TACE for patients 
with intermediate-stage HCC  [20] . To date, 3 prospective phase III trials evaluating combi-
nation therapy with sorafenib and TACE have been performed ( Table 1 ). The results of 2 of 
these trials have been published: the Japan-Korea TACE study ( n  = 450)  [21]  and the brivanib-
TACE (BRISK-TA) study, which evaluated adjuvant brivanib therapy in combination with 
TACE ( n  = 502)  [20] . Because the mOS was not reached in the placebo arm in the post-TACE 
study, the BRISK-TA study is currently the only prospective phase III study that investigated 
the OS with TACE and provided a valid mOS for the placebo arm. Since this was a randomized 
controlled trial (RCT) of TACE (with the largest number of patients included in any trial 
worldwide) and the placebo arm was free from selection bias, it provides standard outcomes 
for TACE worldwide. Additionally, most (82%) of the patients in the BRISK-TA study had 

 Table 2. Results of the RESORCE trial

Regorafenib Placebo HR (95% CI); p value

Subjects, n 379 194
BCLC stage C, % 86 89
Treatment duration, months 3.6 (1.6 – 7.6) 1.9 (1.4 – 3.9)
OS, months 10.6 (9.1 – 12.1) 7.8 (6.3 – 8.8) 0.63 (0.50 – 0.79); p < 0.0001
PFS (mRECIST), months 3.1 (2.8 – 4.2) 1.5 (1.4 – 1.6) 0.46 (0.37 – 0.56); p < 0.0001
TTP (mRECIST), months 3.2 (2.9 – 4.2) 1.5 (1.4 – 1.6) 0.44 (0.36 – 0.55); p < 0.0001
DCR, % 65 36 p < 0.0001
ORR, % 11 4 p = 0.0047
Adverse events (grade ≥3), % 79.7 58.5

Values are presented as median (range) unless specified otherwise. BCLC, Barcelona Clinic Liver Cancer; 
OS, overall survival; PFS, progression-free survival; TTP, time to progression; DCR, disease control rate; ORR, 
objective response rate.
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early- or intermediate-stage HCC (BCLC-B, 59%; BCLC-A, 23%) and only 17% had advanced-
stage HCC. Conversely, 86% of the patients in the RESORCE trial had advanced-stage HCC 
(BCLC-C), even though the detailed status of BCLC stage at the start of sorafenib therapy
is not disclosed. A simple comparison of OS between the 2 cohorts in different RCTs shows 
similar outcomes: 26.1 months for the control arm of BRISK-TA versus 26 months for 
sorafenib-regorafenib sequential therapy ( Table 3 ). Although comparing one arm from an 
RCT with an arm from exploratory analysis of a different RCT may not be appropriate, both 
were well-designed prospective randomized clinical trials that minimized the effect of 
selection bias. Considering that the patients in the sorafenib-regorafenib sequential therapy 
trial overwhelmingly had advanced-stage HCC, the OS in the study, which is comparable to 
that in BRISK-TA, is extremely impressive. There is no doubt that the group of subjects with 
advanced-stage HCC were superselected; nevertheless, the effect of sorafenib-regorafenib 
sequential therapy in patients with advanced-stage HCC is comparable to that of TACE in 
those for whom TACE is indicated. 

  Since the prognosis after sorafenib-regorafenib sequential therapy is promising, the 
appropriate time to start sorafenib therapy may need to be reconsidered. Conventionally, 
patients are switched from TACE to systemic therapy when they become refractory to TACE; 
however, a more proactive approach, such as the earlier introduction of systemic therapy to 
subgroups of patients who are likely to become refractory to TACE when their liver function 
is still preserved (Child-Pugh A), may be beneficial ( Fig. 1 ).

  Another unaddressed question is the proportion of patients who can be treated by 
sorafenib-regorafenib sequential therapy. In other words, even after the approval of rego-
rafenib, further studies are needed to obtain real-world data on the percentage of patients 
undergoing sorafenib therapy who can complete the therapy and also complete regorafenib 
therapy after failure of sorafenib treatment and disease progression. However, the optimal 
time point to determine TACE refractoriness should not be missed, since the prognosis after 
sorafenib-regorafenib sequential therapy is good (26 months from the initiation of sorafenib 
therapy). Early identification of subgroups likely to become refractory to TACE is also 
important (Fig. 2). The selection of patients who are likely to respond to systemic therapy is 
a valid and important line of inquiry regarding therapy with other agents, including lenva-
tinib (discussed below) and sorafenib.

 Table 3. Comparison of mOS between TACE and sorafenib-regorafenib sequential therapy

TACE (placebo arm of 
brivanib-TACE trial) [20]

Sorafenib-regorafenib sequential 
therapy (RESORCE trial) [10, 19]

Subjects, n 253 379
Child-Pugh class, n (%)

A 231 (91) 373 (98)
B 20 (8) 5 (1)
C 2 (1) 0 (0)

BCLC stage, n (%)
A 57 (23) 1 (0 < 1)
B 150 (59) 53 (14)
C 44 (17) 325 (86)
D 2 (1) 0 (0)

mOS, months 26.1 26

mOS, median overall survival; TACE, transarterial chemoembolization; BCLC, Barcelona Clinic Liver 
Cancer.
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  A New First-Line Therapy Option: Lenvatinib 

 Lenvatinib is an oral multi-tyrosine kinase receptor inhibitor that targets VEGF receptors 
1–3, FGFR 1–4, PDGFRα, and the KIT and RET proto-oncogenes. It is approved worldwide for 
the treatment of radioactive iodine-refractory differentiated thyroid cancer. A phase II study 
evaluating lenvatinib for HCC treatment showed good outcomes, with an mOS of 18.7 months, 
a time to progression (TTP) of 7.4 months, an objective response rate (ORR) of 37%, and a 
disease control rate of 78% (according to the modified Response Evaluation Criteria in Solid 
Tumors [RECIST])  [22] . Considering that the ORR in the control arm of the BRISK-TA study 
was 42%, the ORR of 37% among those treated with lenvatinib may indicate that the levels 
of tumor necrosis induced by lenvatinib are similar to those induced by TACE ( Table 4 ).

  A worldwide press release by Eisai Co., Ltd. (January 25, 2017) revealed the results of the 
phase III REFLECT trial involving 954 patients with unresectable HCC  [11] . Achievement of 
the primary endpoint (OS) in the lenvatinib trial was not inferior to that with sorafenib. The 
secondary endpoints (progression-free survival, TTP, and ORR) also showed that lenvatinib 
is statistically superior to sorafenib, with clinical significance. Details will be reported at 
relevant conferences and in journals. The approval of lenvatinib as a novel agent for unre-
sectable HCC in Asia, Japan, Europe, and the USA is anticipated. The improvement of OS with 
lenvatinib, which is similar to that reported for sorafenib, will likely lead to the approval of 
lenvatinib as a first-line agent, in addition to sorafenib, for unresectable HCC.

  Once lenvatinib will be approved and will become available for treating HCC patients, 
criteria for the differential use of lenvatinib and sorafenib in the clinical setting will need to 
be established. The benefits of sorafenib-regorafenib sequential therapy were demonstrated 

TACE TACE

TACE Lenvatinib or sorafenib

Point of TACE refractoriness

Intermediate stage

TACE

Subgroup; easy 
to become 

refractory to 
TACE

Point of early switch to sorafenib-regorafenib sequence
Regorafenib

OS

Advanced - terminal stage

Sorafenib Regorafenib

Lenvatinib

BSC

BSC

BSC

BSC

? ? BSC

Lenva nib or sorafenib

Lenvatinib or sorafenib

  Fig. 1.  Treatment strategy for systemic therapy for hepatocellular carcinoma. Identification of the subgroup 
that easily develops to transarterial chemoembolization (TACE) failure/refractoriness may be important. 
For that subgroup, systemic therapy with a lenvatinib/sorafenib-regorafenib sequence may be a more ade-
quate treatment strategy than repeating ineffective TACE for improving patient survival/benefit. BSC, best 
supportive care; OS, overall survival. 
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 Table 4. Comparison of ORR and DCR between TACE and lenvatinib

TACE (placebo arm of 
brivanib-TACE trial) [20]

Lenvatinib 
(phase II trial) [22]

Subjects, n 253 46
Child-Pugh class, n (%)

A 231 (91) 45 (97.8)
B 20 (8) 1 (2.2)
C 2 (1)

BCLC stage, n (%)
A 57 (23) 0 (0)
B 150 (59) 19 (41.3)
C 44 (17) 27(58.7)
D 2 (1) 0 (0)

ORR, n (%) 106 (42) 17 (37)
DCR, n (%) 199 (79) 36 (78)

ORR, objective response rate; DCR, disease control rate; TACE, transarterial chemoembolization; BCLC, 
Barcelona Clinic Liver Cancer

  Fig. 2.  Heterogeneity and treatment strategy for intermediate-stage hepatocellular carcinoma. Substage B2 
(bilobar multiple nodules) may be a candidate for clinical trials of transarterial chemoembolization (TACE) 
combination therapy with tyrosine kinase inhibitors or immunotherapy. This subgroup may easily become 
refractory to TACE. CP, Child-Pugh; RFA, radiofrequency ablation; cTACE, conventional subsegmental Lipi-
odol TACE; DEB, drug-eluting beads; HAIC, hepatic arterial infusion chemotherapy. Modified with permission 
by Kudo et al.  [12] . 
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in a solid reliable prospective study  [10, 19] . Second-line therapy with regorafenib resulted 
in significant improvement in patients who had suffered disease progression while on first-
line sorafenib, with an mOS of 26 months from the start of sorafenib therapy, even in a group 
with predominantly advanced-stage HCC (BCLC-C)  [19] . However, it is pertinent to note that 
the subject population was carefully selected.

  On the other hand, lenvatinib showed clinically significant antitumor effects (progression-
free survival, TTP, and ORR) superior to sorafenib, as disclosed by a press release  [11]  and 
phase II trial results  [22] . This therapeutic agent is expected to be as effective as TACE in 
terms of reducing tumor size and inducing tumor necrosis. In some cases, it is expected to 
permit conversion from systemic therapy to TACE or curative options such as resection or 
ablation  [23–26] . This is a potential advantage of lenvatinib.

  For all intents and purposes, the arrival of regorafenib and lenvatinib provides the possi-
bility of systemic therapy as an option for a subgroup of patients with intermediate-stage HCC 
who easily become or are refractory to TACE, in addition to those with advanced-stage HCC. 
Patients with intermediate-stage HCC who are likely to become refractory to TACE need to be 
identified to allow proactive intervention with systemic therapy ( Fig. 1 ).

  Conclusion 

 The results of phase III studies investigating 2 new therapeutic agents for HCC – namely, 
regorafenib and lenvatinib – were recently disclosed. The former was presented at a 
conference in June 2016, and results were published in a journal in January 2017; the latter 
was announced in a press release in January 2017. Sorafenib-regorafenib sequential therapy 
is of particular interest. The performance of lenvatinib will remain unclear until relevant 
congresses or publications; however, based on the contents of the press release, it is very 
likely to be indicated for the first-line treatment of unresectable HCCs. This suggests that 
additional therapeutic options will become available for patients with intermediate-stage 
(BCLC-B) as well as advanced-stage (BCLC-C) HCC.
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 Albumin-Bilirubin Grade and 
Hepatocellular Carcinoma Treatment 
Algorithm 
  

 The selection of treatment options for hepatocellular carcinoma (HCC) requires critical 
consideration of hepatic functional reserve in addition to tumor burden (e.g., size and number 
of HCC nodules [tumor node metastasis stage]). Presently, the Child-Pugh classification is the 
most common worldwide measure used to assess hepatic functional reserve for the selection 
of treatment options for HCC  [1] . The Child-Pugh classification is used in the American (AASLD 
 [2] ), European (EASL-EORTC  [3] ), Asian (APASL  [4] ), and Japanese (consensus-based  [5, 6]  
and evidence-based  [7–9] ) guidelines.

  However, there are several issues associated with the Child-Pugh scoring system. First, 
it includes the subjective criteria of hepatic encephalopathy and ascites in addition to albumin 
and bilirubin levels. Second, the classification of albumin levels and ascites together is not 
adequate because they are interrelated factors. Furthermore, converting prothrombin time 
into the international normalized ratio produces a score of 1 in many patients. Nonetheless, 
the Child-Pugh score remains the standard measure for selecting treatment options for HCC 
in clinical practice and clinical trials.

  In Japan, a classification called the liver damage grade, which was developed by the Liver 
Cancer Study Group of Japan (LCSGJ), has been used historically instead of the Child-Pugh 
score  [10] . This classification resembles the Child-Pugh classification but replaces 1 of the 5 
factors (hepatic encephalopathy) by the results from the indocyanine green retention test at 
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15 min (ICG R15). It is considered a more accurate assessment of hepatic functional reserve 
than the Child-Pugh classification. The difference between the 2 systems is particularly 
marked when comparing candidates for hepatectomy; namely, patients with Child-Pugh class 
A and liver damage grade A. Studies show that Child-Pugh class A is broader and encompasses 
a larger patient population than liver damage grade A  [11, 12] . Liver damage grade is also 
superior to the Child-Pugh classification for determining whether hepatectomy is indicated 
 [12] . The ICG R15, a factor in the liver damage grading system, is also important for deter-
mining the resectable area from the perspective of hepatic functional reserve  [13–15] . 
Makuuchi et al.  [15]  established the Makuuchi criteria for determining the method of hepa-
tectomy (enucleation, partial hepatectomy, subsegmentectomy, segmentectomy, or resection 
of 2 or more segments) based on the ICG R15 and total bilirubin values. The Makuuchi criteria 
enable a safe hepatectomy; therefore, this approach has become the gold standard for selecting 
the method of hepatectomy not only in Japan  [15, 16]  but also in other countries  [17] . However, 
there are problems associated with the liver damage grade. First, obtaining ICG R15 values 
requires injection of ICG in addition to blood collection. Second, injection of ICG for the ICG 
test can induce anaphylactic shock. Third, accurate values cannot be calculated for patients 
with marked constitutional jaundice or a portosystemic shunt. Therefore, the ICG R15 test is 
rarely performed prior to nonsurgical treatments, such as radiofrequency ablation or trans-
catheter arterial chemoembolization, in patients with relatively good liver function, even in 
Japan. This is also why the Japanese Evidence-Based Clinical Practice Guidelines list both the 
Child-Pugh classification and liver damage grade as methods for assessing hepatic functional 
reserve. The liver damage grade is useful for determining whether hepatectomy is indicated 
and for determining the size of the liver allowing resection, but it is not useful for the appli-
cation of nonsurgical treatment.

  The albumin-bilirubin (ALBI) grade was proposed as a means of overcoming the previ-
ously described issues with the Child-Pugh classification and liver damage grade by calcu-
lating a score based on recent albumin and bilirubin levels  [18] . This has since then been the 
subject of many studies  [19–25] , with the conclusion that the ALBI grade is more accurate 
than the Child-Pugh classification for assessing hepatic functional reserve.

  Hiraoka et al.  [26]  performed the first study comparing the ALBI grade with the LCSGJ 
liver damage grade, and the results were reported in this issue of  Liver Cancer . Consistent 
with previous studies, Hiraoka et al.  [26]  showed that the ALBI grade was superior to the 
Child-Pugh classification. They also found that the ALBI grade can assess hepatic functional 
reserve with comparable efficacy to the liver damage grade. In addition, patients with ALBI 
scores of 1 and 2 showed a distribution of ICG R15 levels similar to that of patients with liver 
damage grades A and B. The ALBI score was well correlated with the ICG R15 ( r  = 0.616,  p  < 
0.001), making it possible to roughly estimate the ICG R15 from the ALBI score. Based on the 
Makuuchi criteria, patient cohorts with an ICG R15 <10, 10–19, and 20–30% are considered 
candidates for two-segmentectomy, segmentectomy, and subsegmentectomy, respectively. 
Although the ICG R15 is an important factor for determining the resectable area, Hiraoka et 
al.  [26]  found that the ALBI score can also be used to identify groups corresponding to such 
ranges of ICG R15 values. Specifically, they found that the ALBI score for predicting an ICG 
R15 of <10% was –2.623 (AUC, 0.798), the ALBI score for predicting an ICG R15 of 10–20% 
was –2.470 (AUC, 0.791), and the ALBI score for predicting an ICG R15 of 20–30% was –2.222 
(AUC, 0.843). Although they noted that performing an ICG R15 test may be an additional 
option, particularly for patients who require resection, they showed that the ALBI score can 
fundamentally replace the liver damage grade, since the ICG R15 can be correctly predicted 
by the ALBI score.

  In the Japanese evidence-based treatment algorithm  [7] , liver damage grade is used only 
when hepatectomy will be performed, whereas the Child-Pugh classification is used for 
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patients receiving nonsurgical treatment  [9, 27–29] . However, this is essentially a double 
standard, which is undesirable for clinical practice guidelines. Hiraoka et al.  [26]  proposed 
that the ALBI grade is a better measure to address this issue because the score is highly 
accurate for both nonsurgical and surgical treatments. This is a reasonable and clear-cut 
message.

  In conclusion, the use of the ALBI grade instead of the Child-Pugh classification or liver 
damage grade to assess hepatic functional reserve for determining treatment options for HCC 
is a rational proposal not only in clinical practice but also as part of the guidelines. However, 
it may take some time for clinicians to widely adopt the ALBI grade in the clinical setting 
because it was only recently introduced into clinical practice.

   Masatoshi Kudo , MD, PhD, Editor-in-Chief 
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SUMMARY

Background
Drug development in hepatocellular carcinoma (HCC) is limited by disease
heterogeneity, with hepatic reserve being a major source of variation in sur-
vival outcomes. The albumin–bilirubin (ALBI) grade is a validated index of
liver function in patients with HCC.

Aim
To test the accuracy of the ALBI grade in predicting post-sorafenib overall
survival (PSOS) in patients who permanently discontinued treatment.

Methods
From a prospectively maintained international database of 447 consecutive
referrals, we derived 386 eligible patients treated with sorafenib within Barce-
lona Clinic Liver Cancer C stage (62%), 75% of whom were of Child class A
at initiation. Clinical variables at sorafenib discontinuation were analysed for
their impact on post-sorafenib overall survival using uni- and multivariable
analyses.

Results
Median post-sorafenib overall survival of the 386 eligible patients was
3.4 months and median sorafenib duration was 2.9 months, with common-
est causes of cessation being disease progression (68%) and toxicity (24%).
At discontinuation, 92 patients (24%) progressed to terminal stage, due to
worsening Child class to C in 40 (10%). Median post-sorafenib overall sur-
vival in patients eligible for second-line therapies (n = 294) was 17.5, 7.5
and 1.9 months according respectively to ALBI grade 1, 2 and 3
(P < 0.001).

Conclusions
The ALBI grade at sorafenib discontinuation identifies a subset of patients
with prolonged stability of hepatic reserve and superior survival. This may
allow improved patient selection for second-line therapies in advanced HCC.

Aliment Pharmacol Ther 2017; 45: 714–722

ª 2017 John Wiley & Sons Ltd
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INTRODUCTION
In patients with hepatocellular carcinoma (HCC), liver
cirrhosis carries an independent clinical course from that
of neoplastic disease progression1 and often represents a
barrier to the provision of active anti-cancer treatment.2

This is particularly true in the more advanced stages of
the disease, where liver dysfunction together with deteri-
orating performance status (PS)3 remain the strongest
adverse prognostic factors.4, 5

Sorafenib remains the only first-line treatment option
of proven survival benefit in advanced HCC.6, 7 How-
ever, depth and length of response to sorafenib are mod-
est, with <2% objective response rates. Even in patients
who achieve initial disease control, progression inex-
orably occurs within a median interval of 3 months.8

Pre-registrative clinical trials of sorafenib in HCC
were originally conducted in highly selected populations,
as evidenced by high screening failure rates approaching
30%.6 Whilst clinically developed in patients with opti-
mal liver function, subsequent implementation of sorafe-
nib in routine practice to include subjects with a wider
variation in hepatic reserve and PS has highlighted
numerous challenges in the clinical management of these
patients.9 In the clinic, neoplastic disease progression,
deteriorating PS, hepatic decompensation or unaccept-
able treatment-related toxicity are the leading causes of
permanent sorafenib discontinuation.10, 11 At treatment
cessation, the majority of patients will only qualify for
best supportive care, whereas a smaller proportion might
be suitable for second-line therapies, an area that is cur-
rently at the focus of intense clinical research efforts.12

Adequate hepatic function is a universal pre-requisite
to access experimental therapies. However, it has been
recently suggested that the prognostic ability of the Child
class, the scoring system traditionally employed to evalu-
ate liver function based on five parameters, might be
outclassed by a novel, more objective biochemical nomo-
gram solely composed of serum albumin and bilirubin,
the ALBI grade.13 The improved clinical utility of this
score stems from its ability to further dissect patient
groups with different survival outcomes within each
Child functional class14 as well as Barcelona Clinic Liver
Cancer (BCLC) stage of HCC.15

More accurate prognostic predictors of liver functional
reserve are highly required in patients who fail sorafenib
treatment, given that a proportion of patients might be
eligible for further lines of anti-cancer treatment in an
experimental setting. Whilst previous studies have
focused on the radiological pattern of progression on

sorafenib as a predictor of survival, this trait, while bio-
logically important and potentially useful as a stratifica-
tion factor in second-line studies, does not influence
patients’ eligibility to further lines of therapy, for which
the main barriers are represented by progression to ter-
minal-stage disease either due to worsening PS or liver
decompensation.16

Furthermore, as an improved marker of functional
reserve, the ALBI grade might be useful to facilitate
patient stratification according to their risk of toxicity
from systemic anti-cancer treatment, a non-negligible
concern in patients with underlying impairment of hep-
atic drug clearance.17

We therefore conducted a study to ascertain the prog-
nostic value of the ALBI grade in patients who perma-
nently discontinued sorafenib treatment in a large
collaborative study including patients from Europe, and
Asia.

PATIENTS AND METHODS
The study population derives from a prospectively main-
tained, multi-centre patient dataset including 447 consec-
utive patients treated with sorafenib between 2008 and
2015 within an international research consortium. We
excluded 30 patients who were on sorafenib and further
39 due to incomplete data (Figure 1). The final dataset
(n = 386) comprised 191 patients from three European
institutions including 76 (20%) treated at Imperial Col-
lege London (UK), 44 (11%) from the Academic Liver
Unit in Novara (Italy) and 71 patients (18%) treated at
the University Hospital in Freiburg (Germany). These
patients were incorporated into a larger dataset of 195
subjects (51%) with similar features treated at the Kindai
University Faculty of Medicine in Osaka (Japan).

The primary aim was to evaluate the ALBI grade as a
predictor of post-sorafenib overall survival (PSOS) and
verify its accuracy in comparison with Child class. PSOS
was calculated from the time of sorafenib discontinua-
tion to the time of death/last-documented follow-up.
Post-sorafenib treatment status was documented for all
patients.

The ALBI was calculated using the formula: linear pre-
dictor = (log10 bilirubin 9 0.66) + (albumin 9 �0.085),
where bilirubin is expressed in lmol/L and albumin in g/
L. Patients were categorised as ALBI grade 1 if the linear
predictor ≤�2.60; ALBI grade 2 if more than �2.60 to
≤�1.39 and ALBI grade 3 if >�1.39.13

All patients were diagnosed with HCC in accordance
to international guidelines.18 Sorafenib was administered
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in accordance to the BCLC treatment algorithm to stage
C patients or earlier if, on the basis of a multi-disciplin-
ary discussion, they were deemed unfit for or had failed
prior loco-regional therapies. Routine clinical reviews
during sorafenib therapy were performed at each cycle of
treatment and included physical examination, blood test
review and adverse events evaluation. Reporting of sora-
fenib-related AEs followed NCI Common Terminology
Criteria for Adverse Events (CTCAE) version 3.19

Clinical data at sorafenib commencement and discon-
tinuation included complete blood count, liver function
tests, alpha-fetoprotein (AFP) levels and the international
normalised ratio value for prothrombin time. Radiologi-
cal staging of the disease was performed using comput-
erised tomography (CT) and/or magnetic resonance
imaging as clinically required. Computation of the ALBI
grade,13 Child functional class and BCLC stage followed
standard pre-published methodology.20 Periodic restaging
using triple-phase CT during sorafenib treatment was
performed at 8–12 weekly intervals.21 Reasons for per-
manent sorafenib cessation included disease progression,
unacceptable toxicity defined by grade 2–4 AEs not
responding to dose reductions and/or temporary sorafe-
nib discontinuation. In patients with multiple causes for
treatment discontinuation (i.e. liver decompensation or
unacceptable toxicity), tumour progression was consid-
ered the primary cause if confirmed radiologically.10 The
study was conducted in accordance to Good Clinical
Practice standards following the ethical guidelines pub-
lished in the Declaration of Helsinki.

Statistical analysis
Univariable analysis survival followed Kaplan–Meier
methodology and log-rank statistics. Cox proportional
hazards regression models were for multivariable

analyses of survival, following formal assessment of the
proportional-hazard assumption for each variable using
log-likelihood ratio tests over time.22 Receiver operating
characteristic (ROC) methodology was used to test the
accuracy of the candidate biomarkers in predicting 90-
days mortality.23 Harrell’s concordance index method (c-
index) was used to rank the different staging systems
according to their capacity of discriminating patients
according to outcome. Where we assessed the predictive
ability of a Cox proportional hazards model, we com-
pared the actual survival outcomes of usable pairs of
patients with the values of their estimated prognostic
indices from the Cox model. Where the assessment of
prediction of multiple biomarkers was performed, the c-
index was adjusted within the R package for the over-
optimism produced by modelling, and assessment being
done on the same data via comparison with 150 boot-
strap samples. For all analyses, a P ≤ 0.05 was consid-
ered statistically significant. Statistical analyses were
performed using SPSS package version 20.0 (IBM Inc.,
Chicago, IL, USA) and R Statistical Computing Environ-
ment (R Foundation, Vienna, Austria).

RESULTS

Patient characteristics
Patient features are presented in Table 1. The majority
of patients were of BCLC-C stage (n = 248, 62%). The
predominant aetiological factors of chronic liver disease
were HCV infection (n = 150, 39%), HBV infection
(n = 62, 16%) and alcohol excess (n = 72, 19%). In total,
290 patients (75%) Child class A at sorafenib initiation,
whereas 96 (25%) were of Child B class. All patients had
a PS ≤ 1 at sorafenib initiation. Sorafenib discontinuation
followed primarily progression of disease in 263 patients

Study Population
386

Piemonte Orientale University 
(Novara, Italy)

51

Kindai University
(Osaka, Japan)

227

Imperial College
(London, UK)

98

University Hospital
(Freiburg, Germany)

71

69 patients excluded:
• Missing data (39)
• Ongoing sorafenib therapy (30)

Figure 1 | Study flow chart.
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(64%), followed by unacceptable toxicity in 91 (24%).
The most common sorafenib-related AEs occurring at
any grade during treatment were diarrhoea (n = 143,
37%), palmo-plantar erythrodysesthaesia (PPE) (n = 139,
36%) and fatigue (n = 88, 22%). Similarly, when consid-
ering AEs ≥Grade 2, PPE was the most prevalent
(n = 33, 9%) followed by diarrhoea (n = 24, 6%) and
fatigue (n = 21, 5%). In total 196 patients (51%) had
experienced at least 1 Grade 2 AE during sorafenib treat-
ment, whereas 104 (27%) had experienced at least 1
Grade 3 AE. Toxicity prompted permanent sorafenib
dose reductions in 59 patients (15%).

At the time of sorafenib discontinuation, the stage-dis-
tribution according to BCLC had significantly changed
compared to baseline, with the majority of patients clus-
tering within BCLC-C criteria (n = 189, 49%) followed
by BCLC-B (n = 105, 27%) and D (n = 92, 24%). Stage
migration to BCLC-D derived from progression to Child
class to C in 39 patients (10%) and worsening PS to >2
in 53 patients (14%). Following sorafenib discontinua-
tion, the majority of patients received best supportive
care (n = 294, 76%). Of the 92 patients (24%) who
received further active treatment, 24 (6%) received >1
line of therapy.

Post-sorafenib overall survival
At the time of analysis (April 2016), there were 298
deaths (77%). Patients were followed up for a median of
13 months (range 1–70 months). Median duration of
treatment was 2.9 months (range 1–53 months). Median
OS from the time of sorafenib initiation was 9.4 months
(95% CI 7.6–11.0), whereas median PSOS was

Table 1 | Clinical characteristics of the studied patients

Characteristic N = 386 (%)

Age in years, median (range) 71 (33–92)
Gender
Male 309 (80)
Female 77 (20)

Aetiology of liver disease
Viral 209 (54)
Non viral 177 (46)

AFP (ng/mL)
<400 244 (63)
>400 142 (37)

Albumin (g/L), median (range) 30 (16–48)
Bilirubin (lmol/L), median (range) 21 (3–439)
AST (IU/L), median (range) 75 (11–2462)
ALT (IU/L), median (range) 48 (10–1350)
INR, median (range) 1.1 (0.6–3.5)
Platelet count, median (range) 141 (14–673)
Child–Turcotte Pugh Score
A5 77 (20)
A6 78 (21)
B7 77 (21)
B8 67 (18)
B9 38 (10)
C10 31 (8)
C11 4 (1)
C12 5 (1)

ALBI grade
Grade 1 27 (7)
Grade 2 171 (45)
Grade 3 188 (48)

Tumour morphology
Unifocal 36 (10)
Multifocal (<50% of liver replacement) 221 (57)
Massive (>50% of liver replacement) 129 (32)
Maximum diameter of largest lesion
(cm), median (range)

4.2 (1–20)

Extrahepatic spread
Absent 239 (63)
Present 147 (37)

Portal vein involvement
Absent 287 (74)
Present 99 (26)

BCLC stage at sorafenib initiation
A–B 154 (38)
C 248 (62)

BCLC stage at sorafenib cessation
B 105 (27)
C 189 (49)
D 92 (24)

Prior treatment for HCC
Orthotopic liver transplantation 2 (1)
Surgical resection 62 (16)
Radiofrequency ablation 114 (30)
Transarterial chemoembolisation 231 (60)
Other 53 (14)

Number of prior treatments lines

Table 1 | (Continued)

Characteristic N = 386 (%)

0 77 (20)
1 156 (40)
2 93 (24)
≥ 3 60 (16)

Subsequent treatment for HCC
Best supportive care 300 (78)
Further anti-cancer treatment 86 (22)

Sorafenib discontinuation
Progressive disease 263 (64)
Toxicity 91 (24)
Liver failure 24 (6)
Others 8 (2)

All clinicopathological variables refer to the moment of
sorafenib discontinuation unless otherwise stated.
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3.4 months (95% CI 2.5–4.3). The median PSOS consid-
ering BCLC stage at sorafenib discontinuation was
9 months (95% CI 5.7–12.3) for stage B, 3.6 months for
stage C (95% CI 2.4–4.7) and 1.1 months for stage D
(95% CI 0.5–1.6). The hazard ratio (HR) between C and
B was 2.0 (95% CI 1.4–2.7) and between D and B was
3.5 (95% CI 2.5–5.1) (log-rank P < 0.001). Patients with-
drawing sorafenib due to AEs had an improved median
survival of 5.8 months (95% CI 3.4–8.1) compared to 2.6
(95% CI 1.9–3.4) in patients who progressed on treat-
ment (HR 0.65 95% CI 0.52–0.84, log-rank P < 0.001).
We verified the relationship between a number of clini-
copathological traits at sorafenib discontinuation and
PSOS including the presence of extrahepatic spread [me-
dian PSOS 4.9 vs. 3.4 months, HR 1.4 (95% CI 1.1–1.9),
log-rank P = 0.01) and AFP >400 (median PSOS 5.0 vs.
2.9 months, HR 1.3 [95% CI 1.1–1.7], log-rank P = 0.02.

Prognostic comparison of Child class and ALBI grade
at sorafenib discontinuation
For this study, we focused on a comparative analysis of
biomarkers of liver functional reserve. The ALBI grade
was calculated in all patients. When categorised according
to ALBI, patients with grade 1 (n = 27) had a median OS
of 13 months (95% CI 1.0–25) compared to 6.3 of grade 2
(n = 171, range 4.3–8.3) and 1.6 of grade 3 (n = 188, 1.0–
2.0; log-rank P < 0.001). The HR between ALBI 2 and 1
was 1.7 (95% CI 1.1–2.9) and between ALBI 3 and ALBI 1
was 4.1 (95% CI 2.5–6.8) (Figure 2a).

Child classification was derived in 377 patients (98%).
Child class was associated with post-sorafenib survival
with median OS of 8.2 months (95% CI 5.2–11) for Child
A (n = 160), 2.1 months (95% CI 1.6–2.6) for Child B
(n = 178) and 1 month for Child C patients (n = 39, 95%
CI 0.5–1.3, log-rank P < 0.001; Figure 2b). The HR
between Child class B and A was 2.4 (95% CI 1.8–3.1) and
between Child C and A was 4.7 (95% CI 3.0–7.2). A com-
parison of ALBI grade and Child class for the 377 patients
with both scores available is reported in Table S1.

We further investigated the prognostic relationship
between ALBI and Child class by evaluating the stratify-
ing potential of the ALBI across each Child class. The
analysis was limited to Child A and B classes because
the entire patients with Child C were co-classified as
ALBI Grade 3. As shown in Table S2, the ALBI could
sub-classify patients within Child A according to signifi-
cantly different survival times ranging from a median OS
of 17.5–1.0 months across the three ALBI grades. This
was not replicated in Child B patients where the ALBI
was not prognostic.

We performed further subgroup analyses by excluding
patients who, according to current guidelines, displayed
untreatable disease progression at sorafenib discontinua-
tion (i.e. patients migrating to BCLC-D stage, n = 92,
24%). In a subset of 294 potential candidates for second-
line therapies, the ALBI grade was predictive of survival
with median OS of 17.5 months (95% HR 9.0–26) for
ALBI 1 (n = 24), 7.5 months for ALBI 2 (95% CI 5.4–9.5)

Figure 2 | Kaplan–Meier curves describing the overall
survival of patients with HCC (n = 386) at sorafenib
discontinuation categorised according to albumin–
bilirubin (ALBI) grade (a) and Child class (b).
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and 1.9 months for ALBI 3 (95% CI 1.4–2.4; log-rank
P < 0.001; Figure 3a). Similarly, patients with Child class
A (n = 135) had better median OS at 10 months (95% CI
7–13) compared to Child B (n = 153) whose median OS
was 2.2 (95% CI 1.6–2.8) (Figure 3b).

In the same subset of 294 patients, we comparatively
tested ALBI grade and Child class for their independent
predictive role in estimating PSOS. We tested ALBI and

Child class in concurrent, multivariable Cox regression
models adjusted for the confounding effect of BCLC
stage at discontinuation and subsequent treatment. Mul-
tivariable analysis of survival confirmed both ALBI and
Child class as independent predictors of PSOS (Table 2).

As shown in Figure 4 ROC curve analysis confirmed
optimal prognostic accuracy of both ALBI and Child
class in predicting 90-days mortality rates, where the
ALBI grade displayed better accuracy with an area under
the ROC curve (AUROC) of 0.69 (95% CI 0.63–0.75)
over Child class 0.66 (0.59–0.72; P < 0.001).

We compared the predictive ability of ALBI and Child
class in estimating PSOS using Harrel’s c-index. In the
whole study population (n = 386), ALBI was superior to
Child class (c-index 0.64 vs. 0.62). ALBI displayed highest
accuracy in patients considered eligible to second-line
therapies (n = 294) (c-index 0.65 vs. 0.63 for Child class),
whereas both scores had significantly lower accuracy in
patients experiencing untreatable disease progression
(n = 92) (c-index 0.54 for ALBI and 0.53 for Child class).

DISCUSSION
The provision of safe and effective systemic anti-cancer
treatment in patients with HCC has been traditionally
hindered by the concurrent presence of liver dysfunction,
which imposes a significant toll on patients’ survival and
ability to tolerate systemic therapies.24 In the drug devel-
opment process, cirrhosis limits enrolment of patients
with HCC to early phase clinical trials due to safety con-
cerns stemming from liver dysfunction, reducing the
detection of early efficacy signals from novel investiga-
tional medicinal products. In later stage trials where
treatment efficacy testing is powered on survival benefit,
liver dysfunction is a major confounder in influencing
the mortality of patients with advanced HCC indepen-
dently from the progression of malignancy.25 Such con-
founding role has affected the clinical development of
sorafenib, where unsurprisingly, despite homogeneity in
screening criteria and treatment schedules, patients
enrolled into the SHARP and Asian Pacific trials had dif-
ferent survival, suggesting that subtle variations in liver
function might have at least in part accounted for the
observed heterogeneity in trial outcomes.6, 7

Accumulating evidence suggests the ALBI grade as a
more accurate predictor of liver functional reserve across
the various stages of HCC compared to standard Child
classification,13, 14 including patients with advanced
HCC.26, 27 In our multi-institutional study including a
large cohort of patients treated with sorafenib, we
demonstrated for the first time the independent

Figure 3 | Kaplan–Meier curves describing the overall
survival of candidates for second-line treatment
(n = 294) stratified by albumin–bilirubin (ALBI) grade
(a) and Child class (b).
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prognostic ability of the ALBI in predicting PSOS. In
unselected patients who failed sorafenib therapy, the
ALBI grade calculated at the moment of permanent sora-
fenib discontinuation was capable of differentiating
patient subgroups with up to a 3-fold difference in med-
ian survival times across the diverse strata.

Interestingly, the prognostic accuracy of the ALBI was
preserved following exclusion of patients who, based on
BCLC stage at sorafenib withdrawal, were unfit for sec-
ond-line therapies. An even stronger and clinically
important stratifying potential of the ALBI grade tran-
spired by restricting our analysis of survival to patients

in Child A functional class, in whom preservation of an
ALBI grade 1 at treatment discontinuation predicted for
median survival times in excess of 17 months, reducing
to 8 months for ALBI grade 2.

It has been suggested that the improved accuracy of
ALBI, especially within Child A criteria, is secondary to
the modification of pre-defined cut-off points for albu-
min and bilirubin, which might allow clinicians to cap-
ture more subtle differences in the biosynthetic function
of the cirrhotic liver.27–29 Certainly, abandoning scoring
of encephalopathy, ascites or coagulopathy, two of which
require subjective assessments, does not reduce the accu-
racy of the ALBI in predicting survival nor 90-days mor-
tality rates, a landmark survival endpoint that
investigators often use to assess the suitability of patients
to clinical trials. Interestingly, whilst 92% of ALBI grade
1 patients satisfied Child A criteria, such proportion
reduced to 73% in ALBI grade 2 patients and 3% in
ALBI grade 3, suggesting a potentially higher prognostic
heterogeneity in grade 2 patients due to the contribution
of diverse functional subclasses.30

This is not the first study to highlight, amongst other
factors, the key role of deteriorating liver function as a
predictor of survival in patients with advanced HCC
who might be otherwise fit for second-line therapies.
The role of Child class deterioration was reported by
Reig et al., although survival analysis was limited to only
85 patients, who had all discontinued sorafenib due to
disease progression.16 Likewise, despite not having
directly tested Child class, Iavarone and colleagues pro-
vide convincing confirmation of the adverse prognostic
role of a composite panel of individual biomarkers of
impaired liver function including albumin, bilirubin, pro-
thrombin time as well as clinically overt hepatic

Table 2 | Multivariable cox regression analyses evaluating the prognostic role of Child class and ALBI grade in
candidates for second-line systemic therapies (n = 294)

ALBI, Unadjusted ALBI, Adjusted* CTP, Unadjusted CTP, Adjusted*

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

ALBI
2 vs. 1 1.9 (1.1–3.3) 0.02 1.8 (1.0–3.2) 0.03
3 vs. 1 4.7 (2.7–8.4) <0.001 4.0 (2.2–7.1) <0.001

BCLC
C vs. B 1.8 (1.3–2.4) <0.001 1.9 (1.3–2.5) <0.001

Subsequent therapy
Yes vs. No 0.4 (0.3–0.5) <0.001 0.4 (0.3–0.6) <0.001

Child class
B vs. A 3.0 (2.2–4.0) <0.001 2.4 (1.8–3.4) <0.001

* Coefficients adjusted for post-sorafenib BCLC stage and subsequent therapy status.

Figure 4 | The comparison of the albumin–bilirubin
(ALBI) grade and Child class in predicting 90-days
mortality rate using ROC curve analysis (n = 386).
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decompensation as predictors of mortality.10 Based on
our data, the maximal improvement in prognostication
conferred by the ALBI grade is evident in patients who
fulfil Child A criteria, a point which may limit the appli-
cability of this score in patients with intermediate to
advanced liver dysfunction.

In contrast to the previous studies, we prospectively
followed up a larger, multi-institutional cohort of
patients from Europe and Asia, to control for the hetero-
geneity in survival generated by varying aetiological fac-
tors and tumour burden. In addition, our analysis of
survival is also controlled for post-progression treatment
status, an established confounder in estimating OS not
taken into account in previous studies. These method-
ological strengths allow our observation to be controlled
for a number of important sources of systematic bias,
suggesting that the independent prognostic value of the
ALBI is a true finding and generalisable to patients of
diverse geographical origin, ethnicity and aetiology.31

In conclusion, this study validates the ALBI grade as a
prognostic index in HCC patients who permanently dis-
continued sorafenib. The increased accuracy of the ALBI
comes at no additional costs, as it relies on routinely
available, objective biochemical indices. Due to limited
evidence-based treatment options in patients who fail
sorafenib,32 the enhanced discriminative power of the
ALBI in advanced HCC is particularly important for opti-
mal patient stratification, especially in suitable candidates
for clinical trials.33 The accurate definition of patient sub-
populations with prolonged stability in liver functional
reserve might enhance efficacy testing in phase II–III tri-
als by reducing the heterogeneity stemming from con-
comitant liver failure.12 This is particularly important in
trial design, where inaccurate assumptions over predicted
survival times in placebo group as well as the choice of
pre-planned stratification factors has been a problematic
issue in the development of molecularly targeted thera-
pies in the second-line setting.34

Secondly, improved hepatic reserve phenotyping might
help mitigating the risks stemming from systemic toxic-
ity, a nontrivial issue in patients with HCC where treat-
ment discontinuation due to AEs is higher than other
malignancies,35 and has in the past led to the premature
termination of development of sunitinib due to concerns
over excessive mortality in the treatment arm. Although
exploring the relationship between ALBI grade and toxi-
city from systemic treatment was beyond the aims of our

study, this should be formally evaluated in future
prospective trials.

Although the relatively limited sample size is a poten-
tial limitation to our study, the survival times and clini-
copathological features describing our cohort are similar
to previous studies to suggest our results are generalis-
able to the broader population of patients with HCC
who fail sorafenib therapy.10, 16, 36 Moreover, the choice
of evaluating this score in a large, multi-institutional
patient dataset limits the chances of selection bias.

In the absence of convincingly robust molecular
biomarkers to dissect the biological heterogeneity of
advanced HCC, our study is the first to support the use of
the ALBI as an accurate, objective and reproducible mar-
ker of liver function in HCC. The prognostic relationship
between ALBI and survival in patients should be further
defined in independent studies in a view to facilitate the
full clinical implementation of this promising biomarker.

SUPPORTING INFORMATION
Additional Supporting Information may be found in the
online version of this article:
Table S1. Concordance between Child–Turcotte Pugh

and ALBI-based liver functional classification (n = 377).
Table S2. The prognostic relationship between Child–

Turcotte Pugh and ALBI (n = 342).
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Background & Aims: Overall survival (OS) is a composite clinical
endpoint in hepatocellular carcinoma (HCC) due to the mutual
influence of cirrhosis and active malignancy in dictating patient’s
mortality. The ALBI grade is a recently described index of liver
dysfunction in hepatocellular carcinoma, based solely on albumin
and bilirubin levels. Whilst accurate, this score lacks cross-
validation, especially in intermediate stage HCC, where OS is
highly heterogeneous.
Methods:We evaluated the prognostic accuracy of the ALBI
grade in estimating OS in a large, multi-centre study of 2426
patients, including a large proportion of intermediate stage
patients treated with chemoembolization (n = 1461) accrued
from Europe, the United States and Asia.
Results: Analysis of survival by primary treatment modality con-
firmed the ALBI grade as a significant predictor of patient OS after
surgical resection (p <0.001), transarterial chemoembolization
(p <0.001) and sorafenib (p <0.001). Stratification by Barcelona
Clinic Liver Cancer stage confirmed the independent prognostic
value of the ALBI across the diverse stages of the disease, geo-
graphical regions of origin and time of recruitment to the study
(p <0.001).
Conclusions: In this large, multi-centre retrospective study, the
ALBI grade satisfied the criteria for accuracy and reproducibility
following statistical validation in Eastern and Western HCC

patients, including those treated with chemoembolization.
Consideration should be given to the ALBI grade as a stratifying
biomarker of liver reserve in routine clinical practice.
Lay summary: Liver failure is a key determinant influencing the
natural history of hepatocellular carcinoma (HCC). In this large
multi-centre study we externally validate a novel biomarker of
liver functional reserve, the ALBI grade, across all the stages of
HCC.
� 2016 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

The mortality from hepatocellular carcinoma (HCC), the third
most lethal malignancy on a global scale, is increasing despite
best diagnostic and therapeutic efforts [1].

In contrast with most solid tumours, the prognosis of patients
with HCC is not solely influenced by the extent of anatomic
spread of the cancer but equally, if not more importantly, by
the degree of functional impairment that accompanies liver cir-
rhosis [2].

A wide variety of prognostic algorithms have been proposed
over the years, aimed at overcoming the limitations of Tumour-
Node-Metastasis classification. These have variably integrated
clinical domains shown to be harbingers of worse clinical out-
come [3], including tumour mass and extent, liver dysfunction,
poor performance status and blood alpha-fetoprotein (AFP)
levels, however they have variable reported accuracy for survival
prediction across early to advanced-stage HCC. Most models
quantify liver functional status using the Child-Turcotte-Pugh
(CTP) score, a classification originally devised in 1964 and later
modified to estimate the risk of perioperative mortality in
patients considered for surgical porto-systemic shunting.
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Whilst having been widely adopted as a convenient, non-
invasive indicator of liver function, the CTP score is limited by sev-
eral constraints. Firstly, not all the constituents of the score have
equal accessibility and reproducibility. The presence of ascites
often requires ultrasound confirmation, whilst the assessment of
minimal encephalopathy can be clinically challenging and subjec-
tive [4]. Secondly, the cut-off points pre-fixed for objective labora-
tory variables including albumin, bilirubin and prothrombin time
are arbitrary, so that patients at the extremes of the distribution
are classified equally as patientswithmarginally deranged labora-
tory parameters, producing so called ‘‘floor” and ‘‘ceiling effects”,
which ultimately limit accurate prognostication [5]. Thirdly, apart
from ascites grade, the CTP score does not include platelet counts
or other biomarkers to indicate portal hypertension, a highly lethal
complication of cirrhosis that can coexist within each CTP func-
tional class [6]. The importance of diagnosing portal hypertension
in HCC strongly emerges from the Barcelona Clinic Liver Cancer
(BCLC) prognostic algorithm; the most widely adopted staging
systemof HCC inWestern countries, where invasivemeasurement
of hepatic venous pressure gradients is reserved for patients who
are considered for radical treatments [7].

A number of alternative non-invasive biomarkers of liver
function have been proposed, including the model for end-stage
liver disease (MELD) that takes into account serum creatinine,
bilirubin and the international normalized prothrombin time
ratio (INR) to derive a continuous score. Whilst useful in prioritiz-
ing candidates for liver transplantation [8], the MELD score has
demonstrated prognostic limitations [9] and is not routinely used
outside this setting, having failed to demonstrate an increased
clinical utility over CTP in patients who are not amenable to liver
transplantation [5]. Other markers have been evaluated as non-
invasive indicators of fibrosis, initially to replace the need for his-
tology in the assessment of severity of chronic liver disease [10].
However, these only partially reproduce the synthetic and meta-
bolic functions of the liver and the advent of transient elastogra-
phy has re-defined their clinical role [11].

Recently, an alternative measure of liver function based solely
on albumin and bilirubin, the ALBI grade, has been proposed in
patients with HCC [12]. The ALBI grade is a prognostic nomogram
emerging from the multivariate screen of routine clinico-
pathologic variables in a large, international cohort of patients
with HCC, further validated in a separate group of cirrhotic
patients without cancer. Whilst appealing due to its potential
to objectively dissect prognostically diverse subgroups within
CTP classes, the ALBI grade was generated retrospectively and
lacks external validation in independent studies: a necessary step
before routine clinical use due to the risk of statistical over-fitting
in determining true prognostic accuracy. Secondly, the ALBI score
has not been characterized in intermediate stage HCC, the most
critical subset of patients in terms of prognostic assessment
where survival is highly heterogeneous, ranging from 11 to
45 months [13].

The aim of this study was therefore to independently validate
the prognostic value of the ALBI grade across all BCLC stages in a
large collaborative study including patients from Europe, United
States and Asia.

Patients and methods

The study population consisted of multiple, independently collected retrospective
cohorts of consecutively recruited patients diagnosed with HCC either on imaging
or by histologic criteria according to international guidelines [14] (Fig. 1). Patients

were recruited from tertiary referral centres with specialist multidisciplinary ser-
vices for HCC management as part of an international research consortium to
ensure adequate representation of all disease stages and aetiology of chronic liver
disease. Patients who underwent liver transplantation as primary therapy for HCC
were excluded. The patient population considered for this study was accrued as
part of routine clinical care andwas not selected amongst clinical trial participants.

Demographic data, complete blood count including liver function tests, AFP
and the INR value for prothrombin time were reconstructed from electronic med-
ical records. Patients were staged using computerized tomography (CT) and/or
magnetic resonance imaging as clinically required to derive the number of focal
hepatic lesions and maximum tumour diameter detected during contrast
enhancement. Computation of CTP functional class and BCLC stage followed stan-
dard pre-published methodology [15]. The ALBI grade was calculated using the
following equation: linear predictor = (log10 bilirubin lmol/L � 0.66) + (albumin
g/L � �0.085). The continuous linear predictor was further categorised into three
different grades for prognostic stratification purposes: grade 1 (less than �2.60),
grade 2 (between �2.60 and �1.39) and grade 3 (above �1.39) as previously
described [12].

The primary clinical endpoint of the study was overall survival (OS), calcu-
lated from the date of initiation of treatment (surgery, first chemoembolization
or initiation of sorafenib) to the date of death and/or last follow-up. Due to the
significant heterogeneity in the study population, survival analysis was stratified
by treatment modality to include patients treated with curative resection and
palliative patients amenable to locoregional therapies and systemic treatment
with sorafenib.

Surgical resection cohort (n = 587)

To validate the score in early stage HCC, we utilised a cohort of 587 previously
reported patients who underwent hepatic resection between April 2000 and
2012 as primary radical treatment for HCC at the Department of Gastroenterolog-
ical Surgery, Dokkyo Medical University Hospital (Japan) as previously described
[16].
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64
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N = 1639

University Hospital
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230

University 
Hospital
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Fig. 1. Study flow diagram illustrating patient disposition across the studied
cohorts.

JOURNAL OF HEPATOLOGY

Journal of Hepatology 2017 vol. 66 j 338–346 339

－234－



Locoregional therapy (LRT) cohort (n = 1461)

Due to the documented survival heterogeneity in intermediate stage HCC and the
diverse treatment protocols and re-treatment criteria for transarterial chemo-
embolization (TACE) adopted in Europe, USA and Asia we opted to cross-
validate the ALBI grade in different patient cohorts according to geographical
region to fully ascertain its reproducibility: LRT-USA, LRT-Europe and LRT-Asia.

From a large, prospectively maintained database of 1202 patients treated at
the University of Pittsburgh (USA) we derived a first dataset of 315 individuals
with biopsy-proven HCC who were not candidates for surgical resection, RFA or
hepatic transplantation and who received conventional selective cisplatin-TACE
from 1989 to 2005 [17].

The European dataset of 423 patients included 297 subjects (70%) who under-
went conventional frontline selective/superselective TACE at the University
Hospital Freiburg (Germany) between 2003 and 2015; a second group of 64 trea-
ted at Imperial College London (UK) between 2001 and 2012 and a third subgroup
of 62 patients from the Academic Liver Unit in Novara (Italy), treated between
2004 and 2013.

A larger Asian dataset of 723 patients combined 79 (11%) from St. Mary’s
Hospital Catholic University of Korea at Incheon (Republic of South Korea),
prospectively recruited between June 2011 and July 2012, and a further 644
(89%) consecutive patients with unresectable HCC treated with TACE at the Kinki
University Faculty of Medicine (Japan) between January 2004 and August 2013.
Conventional selective or superselective TACE was administered following multi-
disciplinary discussion as reported by Pinato et al. [18]. In both European and
Asian datasets radiologic response to TACE based followed the modified response
evaluation criteria in solid tumours (mRECIST) [19] on contrast-enhanced CT
scan, 6–8 weeks post-TACE. None of the patients included in the Asian dataset
were part of the original ALBI qualification study.

Sorafenib cohort (n = 378)

A multi-centre dataset of 378 patients with advanced HCC receiving sorafenib
between 2008 and 2015 was constructed including 147 from three European
institutions including 56 (15%) from Imperial College London (UK), 51 (13%) from
the Academic Liver Unit in Novara (Italy) and 41 (11%) from the University Hospi-
tal in Freiburg (Germany). These patients were merged with a larger dataset of
230 subjects (61%) with similar characteristics recruited from the Kinki Univer-
sity Faculty of Medicine (Japan).

Statistical analysis

Univariate analysis of the different clinical factors associated with survival was
performed using Kaplan-Meier curves, with differences in OS between each stra-
tum being tested using log-rank statistics. The independent prognostic value of
each factor was further tested using by Cox proportional hazards regression mod-
els [16]. Formal assessment of the proportional-hazard assumption by means of
log-likelihood ratio tests over time-bands yielded no evidence that the effects
of the ALBI and CTP scores varied over time (ALBI, p = 0.078; CTP, p = 0.1325).
Analyses of survival were performed using SPSS package version 20.0 (IBM Inc.,
USA).

Harrell’s concordance index method (c-index) was used to rank the different
staging systems according to their capacity of discriminating patients according
to outcome. For this purpose, we assessed the effect of the candidate risk factors
using the Cox model using R [20] and the Statistical Analysis System (SAS, Cary,
NC, USA). We used the rms packages of Dr. Frank Harrell [21] to identify a subset
of predictors by backward elimination as previously described [16]. Where we
assessed the predictive ability of a Cox proportional hazards model, we compared
the actual survival outcomes of usable pairs of patients with the values of their
estimated prognostic indices from the Cox model to generate a c-index statistic.
To correct for the overoptimism generated during model selection, the c-index
statistic was internally validated using established bootstrapping techniques with
150 iterations.

Results

Characteristics of the studied populations are presented in
Table 1. Median OS was 54 months for the surgical cohort, whilst
in the LRT cohorts survival ranged between 10 and 36 months,

being worse in the LRT-USA cohort. Patient in the sorafenib
cohort had a median OS of 9 months (Table 1).

Surgical resection cohort

Of the 587 patients treatedwith liver resection, 381 (65%) satisfied
BCLC-A criteria, whilst 44 patients (7%) were of BCLC-C stage due
to presence of nodal spread in seven patients (1%) and perfor-
mance status of 1 in 38 (6%). The most prevalent aetiology was
hepatitis C virus (HCV) infection (n = 395, 67%) followedbyhepati-
tis B virus (HBV) (n = 146, 25%). Median follow-up time was
41 months (range 6–143 months) and the overall event rate was
54%. The majority of patients were of CTP class A (n = 477, 81%).

When considering OS classified according to the ALBI grade
median OS was 82 months (range 58–105) in patients with ALBI
grade 1 (n = 127, 22%), 50 months (44–55) for ALBI 2 (n = 435,
77%) and 42 months for ALBI 3 (n = 25, 4%), (HR 1.7, 95%CI 1.3–
2.2, p <0.001) (Fig. 2A). We then considered solely patients with
CTP A (n = 477), who are optimal candidates for resection, and
confirmed ALBI grade as a strong predictor of OS in this patient
group with a median OS of 82 months (range 58–105) for ALBI
1 (n = 127, 26%) and 51 months (range 45–56) for ALBI 2
(n = 350, 74%) (HR 1.7, 95%CI 1.3–2.2, p <0.001) (Fig. 2B).

Multivariable analysis of survival confirmed advanced ALBI as
a significant predictor of worse OS in a Cox regression model
adjusted for BCLC stage. Individual hazard ratios are presented
in Table 2.

The predictive ability of the ALBI grade was tested in compar-
ison with CTP by means of Harrell’s concordance index. ALBI dis-
played an overall better discriminatory ability in predicting OS
with a c-score of 0.57 (95%CI 0.54–0.59) when considered alone
and 0.67 (95%CI 0.63–0.70) following adjustment by BCLC stage,
compared to CTP class (c-score 0.54, 95% CI 0.54–0.59).

Locoregional therapy cohort

The 315 patients from the United States were treated with con-
ventional TACE as described before [17], the majority were
BCLC-B (n = 272, 86%) and within CTP class A (n = 220, 70%). Med-
ian follow-up was 10 months (range 1–151 months). Most
patients were cirrhotic (n = 238, 76%) with alcohol excess
(n = 221, 70%), HCV (n = 113, 40%) and HBV infection (n = 81,
28%) being the most prevalent risk factors. Stratification of OS
by ALBI showed a deterioration in median OS from 15.4 months
(range 11–20 months) in grade 1 (n = 41, 13%), to 11 months
(range 8.3–14 months) in grade 2 (n = 209, 66%) and 4.5 months
(range 3–6 months) in grade 3 (n = 65, 21%) (HR 1.4, 95% CI
1.1–1.7, p = 0.002) (Fig. 2C). As shown in Fig. 2C and in Table 2,
we found no statistically significant difference in OS between
patients of ALBI grade 1 and 2 in this patient cohort.

The majority of LRT-Europe cohort (n = 423) received TACE
within BCLC-B staging criteria (n = 310, 73%) and CTP A
(n = 307, 72%) with the remaining 113 exceeding these criteria
due to segmental portal vein thrombosis not contra-indicating
TACE (n = 40, 9%), extra-hepatic spread (n = 1, 0.2%) or PS = 1
(n = 71, 17%). Alcohol excess was the most prevalent etiologic fac-
tor (n = 160, 38%) followed by HCV infection (n = 115, 27%). Med-
ian follow-up time was 27 months (range 1–162 months), with a
mortality rate of 72%. Patient stratification according to ALBI
revealed grade 1 (n = 139, 33%) predicted for median survival of
39 months (range 33–44 months) compared to 18 months (range
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Table 1. Clinico-pathologic features of the individual patient cohorts included in the study.

Characteristic Surgical resection cohort
(n = 587)

Locoregional therapy cohort
(n = 1461)

Sorafenib cohort
(n = 378)

Center Japan USA Europe Asia Europe and Japan
Patient number 587 315 423 723 378
Accrual period 2000–2012 1989–2005 2001–2013 2004–2013 2008–2015
Age in years
Median 68 64 69 72 63
Range 28–85 22–93 33–88 32–89 (32–95)

Gender
Male 469 (80) 239 (76) 350 (83) 512 (71) 296 (78)
Female 118 (20) 76 (24) 73 (17) 210 (29) 82 (22)

Aetiology of liver disease
Viral 541 (93) 162 (52) 162 (39) 581 (80) 165 (44)
Non-viral 46 (7) 123 (38) 222 (52) 142 (20) 213 (56)
Non-characterized – 30 (10) 39 (9)

Child-Turcotte-Pugh class
A5 224 (38) 220 (70) 211 (50) 355 (50) 171 (45)
A6 253 (43) – 96 (22) 187 (26) 109 (29)
B7 93 (16) 95 (30) 55 (13) 102 (14) 60 (16)
B8 17 (3) – 36 (9) 49 (6) 30 (8)
B9 0 (0) –* 25 (6) 30 (3) 8 (2)

Bilirubin, lmol/L
Median 10 17 17 14 14
IQR 5 17 14 9 12

Albumin, g/L
Median 34 32 37 37 36
IQR 7 8 8 8 8

AST, IU/L
Median 36 81 59 49 57
IQR 22 95 59 36 51

ALT, IU/L
Median 32 59 45 37 38
IQR 26 53 49 32 38

Platelet count
Median 131 125 140 115 146
IQR 87 140 98 77 119

Alpha-fetoprotein, ng/ml
Median 29.5 73 23.6 28 184
IQR 227 2078 234 200 3413

INR**

Median 1.1 12.9** 1.1 1.0 1.1
Range 1.0–3.0 10.5–21.6 0.9–3.4 1.0–2.0 (1.0–2.2)

Maximum tumour diameter
Median 3 6 5 2 4.0
Range 1–15 1–23 0.9–20 2–17 (1–20)

Tumour morphology
Oligofocal (1–2 nodules) – 151 (40) 177 (42) 250 (40) 63 (17)
Multifocal (>3 nodules) 164 (60) 246 (58) 473 (60) 314 (83)

Portal vein thrombosis
Absent 587 (587) 315 (100) 383 (91) 664 (92) 277 (73)
Present 0 (0) 0 (0) 40 (9) 59 (8) 101 (27)

Extra-hepatic spread
Absent 580 (99) 315 (100) 423 (100) 693 (96) 255 (68)
Present 7 (1) 0 (0) 0 (0) 29 (4) 123 (32)

BCLC stage
A 381 (65) 43 (14) 75 (18) 270 (37) 40 (10)
B 162 (28) 272 (86) 236 (56) 390 (54) 109 (29)
C 44 (7) 0 (0) 112 (26) 63 (9) 229 (61)
D 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

ALBI grade
Grade 1 127 (22) 41 (13) 140 (33) 156 (22) 105 (27)
Grade 2 435 (77) 209 (66) 253 (60) 482 (67) 238 (63)
Grade 3 25 (4) 65 (21) 30 (7) 85 (12) 35 (9)

(Continued on next page)
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14.3–21.6) for ALBI 2 (n = 251, 60%) and 18 months for ALBI 3
(n = 30, 7%) (range 14.8–21.1, HR 1.4, 95%CI 1.2–1.8, p <0.001)
with no significant difference between grades 2 and 3 (Fig. 2D).

Staging characteristics were similar in the LRT-Asia cohort of
723 patients, 660 (91%) being within BCLC-B stage and 79% CTP
A (n = 575) with the exception 63 subjects who exceeded inter-
mediate stage due to visceral metastatic spread (n = 29, 4%)
and/or segmental portal vein involvement (n = 59, 8%). HCC was
mostly HCV (n = 454, 70%) or HBV-related (127, 18%). Patients
with ALBI grade 1 (n = 156, 22%) had a median OS of 51.8 months
(range 45–57 months) compared to 34 months (range 30–
39 months) of ALBI 2 (n = 482, 67%) and 21 (range 14–28 months)
of ALBI 3 (n = 85, 12%) (HR 1.7, 1.4–2.0, p <0.001) (Fig. 2E).

To verify its independent prognostic value, the ALBI grade was
jointly tested with other prognostic factors including CTP and
BCLC stage in alternative multivariate Cox regression model.
The effect of ALBI in predicting patients’ OS across each of the
LRT cohorts is reported in Table 2.

The discriminatory capacity of the ALBI grade as calculated by
the corresponding c-index score was substantially homogeneous
across each LRT cohort, ranging from 0.57 to 0.58 when ALBI was
considered alone, and 0.58–0.65 when adjusted for BCLC stage.
Individual c-index scores for ALBI and CTP are presented in
Table 2.

Sorafenib cohort

Sorafenib was prescribed to 229 patients (61%) in BCLC-C stage,
280 (74%) within CTP class A. Aetiology of chronic liver disease
included HCV (n = 161, 43%), HBV infection (n = 62, 16%) and
alcohol excess (n = 56, 15%). Patients were followed up for a med-
ian of 13 months (range 1–74 months). There were 264 deaths
(70%) in total. Median duration of treatment was 2.8 months
(range 1–70 months). At time of analysis, 16 patients were
actively receiving sorafenib (4%), whilst the remaining had dis-
continued due to radiologic progression (n = 181, 48%), unaccept-
able toxicity (n = 105, 28%), death (n = 28, 4%) or other causes
(n = 48, 13%). The most common adverse events, occurring at
any grade, were diarrhoea (n = 134, 35%) and palmar-plantar ery-
throdysesthaesia (n = 131, 35%) requiring permanent dose modi-
fications in 87 patients (23%). Periodic restaging during sorafenib
therapy according to mRECIST criteria was available in 222
patients. Best radiologic response included disease progression
(n = 119, 31%), stable disease (n = 65, 17%), partial (n = 31, 8%)
and complete response (n = 7, 1%). When categorised according
to ALBI patients with grade 1 had a median OS of 16 months
(range 12–20) compared to 7.6 of grade 2 (range 5.9–9.3) and
4.8 of grade 3 (range 3–6.6) (HR 1.6, 95%CI 1.3–2.0, p <0.001)
(Fig. 2F).

Multivariable analysis of survival confirmed ALBI as an inde-
pendent predictor of patients’ OS in advanced disease (Table 2).

The prognostic relationship between ALBI and BCLC: interaction with
time

We further confirmed the prognostic validity of the ALBI grade in
a pooled analysis of patients belonging to the entire study popu-
lation (n = 2426). As shown in Table 3, the ALBI grade was con-
firmed as a predictor of OS following adjustment for BCLC
stage. Given the wide accrual times (1989–2015) we performed
further analyses of survival by including an interaction term
between the scores of interest (either ALBI or CTP) and start time
of therapy, dichotomized as prior to or after year 2000, to reflect
subsequent adoption of the BCLC treatment allocation algorithm.
Whilst there was no evidence of a change in the effect of the CTP
score on OS before and after year 2000 (p = 0.5982), there was
some evidence of a variation in the effect of the ALBI score alone
(p = 0.0031) and in combination with BCLC (p = 0.0637). The esti-
mates of these two models stratified by time are presented in
Table 4. Stratified analyses provide evidence of a predictive effect
of the ALBI score on survival both in the pre- and post-year 2000
datasets, both in unadjusted and adjusted analyses, although the
effects of the score were greater in the post year 2000 dataset.

Discussion

HCC arises as a complication of chronic liver disease and cirrhosis
in the vast majority of cases. The prognostic interaction between
progressive malignancy and underlying liver functional impair-
ment poses a unique challenge in the provision of optimal treat-
ment strategies in the individual patient [22]. The geographical
distribution of different etiologic factors and the diverse accessi-
bility to various treatment modalities are amongst the factors
that make the clinical course of HCC particularly variable across
countries and institutions [23]. This is particularly true for inter-
mediate stage HCC, where the variation in tumour burden, hep-
atic reserve combined with the recognized heterogeneity in
locoregional treatment schedules exert a crucial impact on
patients’ survival, which recognizes a >20 months variation in
this patient subpopulation [24]. The acknowledged clinical
heterogeneity of HCC suggests the need for objective, repro-
ducible and accurate prognostic biomarkers to improve patient
outcomes [25].

In our large, collaborative, multi-institutional study we sought
to independently validate the prognostic ability of the ALBI grade,
a recently qualified nomogram suggested to more accurately pre-
dict patients’ mortality by solely combining albumin and

Table 1 (continued)

Characteristic Surgical resection cohort
(n = 587)

Locoregional therapy cohort
(n = 1461)

Sorafenib cohort
(n = 378)

Overall survival, months
Median 54.0 10 25.0 36.0 9
95% CI 48.5–59.4 7.8–11.7 21.4–28.6 32.3–40.0 1.0–74.0

IQR, interquartile range; CI, confidence interval.
* Data clustered in Child Turcotte Pugh class (A, n = 220; B = 95).

** Expressed in seconds as prothrombin time (PT) in the USA cohort. Normal range <13 s.
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bilirubin levels without the need for subjective determinants of
liver failure including ascites and encephalopathy.

Using a stage-stratified approach, we investigated the prog-
nostic ability of the ALBI in both curative and palliative settings,
demonstrating adequate and clinically meaningful stratifying
potential for the score across all the BCLC stages of the disease.

In early stage HCC, we demonstrated that the ALBI grade
could predict worse prognosis within CTP A class patients,
who are universally recognized as optimal candidates for surgi-
cal resection [26]. Whilst our findings in early stage disease are
retrospective and based on a single-centre experience, they cor-
roborate previous evidence showing that the ALBI may over-
come the prognostic limitations of the CTP classification,
allowing for a more subtle quantification of hepatic reserve in
patients with grossly preserved synthetic function, perhaps by
abolishing ‘‘floor” and ‘‘ceiling” effects applying to CTP class
computation. Clinically, in fact, these patients rarely display evi-
dence of significant coagulopathy, refractory ascites or
encephalopathy, a point that strengthens the relevance of pre-
operative albumin and bilirubin in the prognostic assessment
of surgical candidates [27].

An increasing number of studies have tested the prognostic
accuracy of the ALBI grade in multi-institutional cohorts and
recently proposed its integration with routinely used prognostic
models including TNM [28] and BCLC [29]. However, in a recent
study by Hiraoka, which only included Japanese patients, repre-
sentation of BCLC-B patients accounted for only 12% of the total
of patients studied [28], and similar figures apply to the Chan
study where a high proportion of patients (up to 33%) received

best supportive care only, a factor that has influenced survival
outcomes [29].

To our knowledge, this is the first study to provide evidence of
the clinical utility of the ALBI grade in a large, multi-institutional
cohort of patients who received TACE for unresectable HCC, lar-
gely within BCLC-B criteria. We confirmed the ALBI as an accurate
predictor of patients’ survival in this patient group. Due to the
expected heterogeneity in patients’ survival stemming from both
patient features and treatment schedules across continents, we
opted to validate the prognostic ability of the ALBI separately
by constructing three geographically distinct patient cohorts
characterized by diverse ethnicity and underlying aetiology.
Unsurprisingly, despite relatively balanced tumour staging fea-
tures and CTP class, survival was significantly different across
the three studied cohorts, being worse in US patients compared
to the European and Asian cohorts.

Whilst median survival for the European and Asian cohorts is
in line with the life expectancy of patients currently presenting
with BCLC-B HCC [24], American patients were mostly treated
prior to the dissemination of the BCLC algorithm in the early
2000s: although reconstructed retrospectively by medical
records review, the algorithm did not guide treatment allocation
in these patients, with inherent implications in terms of survival
[15]. It is also likely that an equally important influence on sur-
vival might have derived from the evolving technical improve-
ments in the delivery of TACE within the accrual period (1989–
2005). Stratified analyses according to time provide evidence that
the prognostic role of the ALBI grade was preserved in patients
assessed prior to and following the dissemination of the BCLC
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Fig. 2. Kaplan-Meier curve analysis showing the effect of the ALBI grade as predictor of overall survival across each primary treatment modality in HCC. (A)
Surgically resected patients. (B) Surgically resected patients within Child-Turcotte-Pugh Class A criteria. (C) Patients treated with locoregional therapy from USA, (D) Europe
and (E) Asia. (F) Patients treated with sorafenib.
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treatment guidelines. Interestingly, the effect of the score in
influencing patients’ survival was greater in the post year 2000
dataset, a finding that might correlate with an improved patient
selection and more homogeneous management over time
(Table 4).

Whilst these considerations over patients’ homogeneity
should be acknowledged when interpreting our results, the pre-
served accuracy of the ALBI in each of the studied cohorts further
strengthens its independence as a prognostic predictor in HCC

despite heterogeneity in ethnicity, accrual period, disease etiol-
ogy, patient selection and management strategies. Crucially, in
our study, the ALBI grade displayed comparable accuracy to
CTP in estimating mortality prior to TACE suggesting that combi-
nation of pre-treatment albumin and bilirubin are indeed the
strongest predictors of the CTP classification. This is not a novel
finding in intermediate stage HCC, where a number of scores
relying on pre-treatment albumin and bilirubin levels have been
proposed to guide TACE administration in HCC, with the intent of

Table 2. Survival analyses for the ALBI score across the studied patient cohorts.

ALBI, unadjusted ALBI, adjusted for BCLC CTP, unadjusted

Surgical resection cohort (n = 587)
ALBI, HR (95% CI)
2 vs. 1 1.86 (1.36–2.54) p <0.001 1.62 (1.18–2.22) p = 0.02
3 vs. 1 2.57 (1.47–4.69) p <0.001 1.84 (1.0–3.39) p = 0.04

BCLC, HR (95% CI)
B vs. A 1.79 (1.40–2.29) p <0.001
C vs. A 4.03 (2.81–5.78) p <0.001

CTP, HR (95% CI)
B vs. A 1.37 (1.04–1.82) p = 0.02

C-index (95% CI)* 0.57 (0.54–0.59) 0.67 (0.63–0.7) 0.54 (0.51–0.57)
Locoregional therapy cohort USA (n = 315)
ALBI, HR (95% CI)
2 vs. 1 1.16 (0.83–1.63) p = 0.12 1.23 (0.88–1.73) p = 0.23
3 vs. 1 1.89 (1.22–2.70) p = 0.003 1.92 (1.29–2.86) p = 0.001

BCLC, HR (95% CI)
B vs. A 1.40 (1.05–1.97) p = 0.04

CTP, HR (95% CI)
B vs. A 1.56 (1.22–1.99) p <0.001

C-index (95% CI)* 0.57 (0.54–0.61) 0.58 (0.54–0.62) 0.57 (0.53–0.60)
Locoregional therapy cohort Europe (n = 423)
ALBI, HR (95% CI)
2 vs. 1 1.59 (1.24–2.03) p <0.001 1.66 (1.29–2.12) p <0.001
3 vs. 1 1.95 (1.21–3.13) p = 0.006 1.96 (1.22–3.15) p = 0.005

BCLC, HR (95% CI)
B vs. A 2.24 (1.54–3.26) p <0.001
C vs. A 3.50 (2.35–5.22) p <0.001

CTP, HR (95% CI)
B vs. A 1.62 (1.24–2.11) p <0.001

C-index (95% CI)* 0.58 (0.55–0.61) 0.65 (0.62–0.68) 0.56 (0.53–0.59)
Locoregional therapy cohort Asia (n = 723)
ALBI, HR (95% CI)
2 vs. 1 1.78 (1.37–2.32) p <0.001 1.89 (1.45–2.46) p <0.001
3 vs. 1 2.73 (1.88–3.97) p <0.001 2.86 (1.96–4.17) p <0.001

BCLC, HR (95% CI)
B vs. A 1.75 (1.40–2.19) p <0.001
C vs. A 3.59 (2.53–5.11) p <0.001

CTP, HR (95% CI)
B vs. A 4.37 (1.39–13.75) p <0.001

C-index (95% CI)* 0.58 (0.55–0.6) 0.65 (0.63–0.68) 0.55 (0.51–0.58)
Sorafenib cohort (n = 378)
ALBI, HR (95% CI)
2 vs. 1 1.61 (1.21–2.14) p <0.001 1.68 (1.26–2.25) p <0.001
3 vs. 1 2.78 (1.79–4.33) p <0.001 2.69 (1.72–4.19) p <0.001

BCLC, HR (95% CI)
B vs. A 2.15 (1.29–3.57) p <0.001
C vs. A 2.77 (1.71–4.48) p <0.001

CTP, HR (95% CI)
B vs. A 1.57 (1.19–2.07) p <0.001

C-index (95% CI)* 0.58 (0.55–0.61) 0.63 (0.59–0.66) 0.55 (0.52–0.58)

HR, hazard ratio. CI, confidence interval.
* Bootstrap 95% CI, 150 replications.
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sparing patients with poor prognostic features from potentially
futile locoregional therapies and migrate them to systemic treat-
ment or best supportive care [30–32]. Despite having potential
clinical utility, our experience suggests that patient heterogeneity
and differences in cut-off values for variables including bilirubin
[18], may influence the prognostic performance of these algo-
rithms, a limitation that is not shared by the ALBI grade where
albumin and bilirubin are considered as continuous variables,
preserving their prognostic accuracy in full.

Our study also demonstrates that the ALBI grade is a prognos-
tic maker in advanced HCC, a patient population with limited life
expectancy and restricted treatment options. Based on our
results, the ALBI grade was superior to CTP in identifying patients
at risk of early mortality prior to sorafenib initiation as well as an
independent predictor of OS. These features are of greater conse-
quence in advanced HCC, a patient population at the focus of
intense research efforts. The post-registrative extension of sorafe-
nib therapy to early stage CTP B patients has in fact demonstrated
that patients with intermediate derangement in their liver bio-
chemistry can still benefit from treatment [33] in absence of
excessive toxicities [34]. In this context, a more accurate index
of liver function such as the ALBI grade might optimize safe
administration of experimental therapies in advanced HCC,
therefore facilitating efficacy testing of investigational medicinal
compounds.

In conclusion, this study provides compelling evidence that
the ALBI grade is a validated prognostic index across all BCLC
stages of disease. Because it relies on two single inexpensive

and widely available laboratory parameters, the ALBI grade is
more objective and can be rapidly computed at the bedside, with-
out the need for special tests.

With c-index values showing moderate discriminative ability
in predicting mortality from deteriorating liver function across
each stage of HCC, the ALBI grade emerges as an equal and, in
some instances, superior biomarker to routinely available liver
functional staging systems such as the CTP class. The prognostic
performance of the ALBI grade is particularly appealing in inter-
mediate stage disease, where we have shown it to be a widely
generalizable biomarker able to overcome the heterogeneity of
survival of BCLC-B stage.

The retrospective nature of our study and the relatively wide
accrual times characterizing some of the recruited cohorts should
be acknowledged as limitations. However, our survival analysis is
robustly built on a process of independent cross-validation in
large multi-institutional cohorts, which limits the potential for
selection bias.

In summary, this study has validated the ALBI grade as an
objective, inexpensive, readily available stratifying biomarker of
poor liver reserve in HCC. Consideration should be given to its
prospective validation in future clinical studies to facilitate its
use in routine clinical practice.
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Abstract
AIM
To assess the long-term outcomes of this procedure 
after removal of self-expandable metal stent (SEMS). 
The efficacy and safety of endoscopic ultrasound-
guided gallbladder drainage (EUS-GBD) with SEMS 
were also assessed.

METHODS
Between January 2010 and April 2015, 12 patients 
with acute calculous cholecystitis, who were deemed 
unsuitable for cholecystectomy, underwent EUS-
GBD with a SEMS. EUS-GBD was performed under 
the guidance of EUS and fluoroscopy, by puncturing 
the gallbladder with a needle, inserting a guidewire, 
dilating the puncture hole, and placing a SEMS. The 
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SEMS was removed and/or replaced with a 7-Fr plastic 
pigtail stent after cholecystitis improved. The technical 
and clinical success rates, adverse event rate, and 
recurrence rate were all measured.

RESULTS
The rates of technical success, clinical success, 
and adverse events were 100%, 100%, and 0%, 
respectively. After cholecystitis improved, the SEMS 
was removed without replacement in eight patients, 
whereas it was replaced with a 7-Fr pigtail stent in four 
patients. Recurrence was seen in one patient (8.3%) 
who did not receive a replacement pigtail stent. The 
median follow-up period after EUS-GBD was 304 d 
(78-1492).

CONCLUSION
EUS-GBD with a SEMS is a possible alternative 
treatment for acute cholecystitis. Long-term outcomes 
after removal of the SEMS were excellent. Removal 
of the SEMS at 4-wk after SEMS placement and 
improvement of symptoms might avoid migration of 
the stent and recurrence of cholecystitis due to food 
impaction.

Key words: Endoscopic ultrasound-guided gallbladder 
drainage; Cholecystitis; Endoscopic ultrasound-guided 
biliary drainage

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Endoscopic ultrasound-guided gallbladder 
drainage (EUS-GBD) was recently used to treat acute 
cholecystitis. The aim of this study was to assess 
the utility of removal of self-expandable metal stent 
(SEMS) at 4-wk after EUS-GBD. Twelve patients with 
acute calculous cholecystitis underwent EUS-GBD 
with a SEMS. The rates of technical success, clinical 
success, and adverse events were 100%, 100%, and 
0%, respectively. Recurrence was seen in one patient 
(8.3%). The median follow-up period after EUS-GBD 
was 304 d. Removal of the SEMS at 4-wk after SEMS 
placement might avoid migration of the stent and 
recurrence of cholecystitis due to food impaction.

Kamata K, Takenaka M, Kitano M, Omoto S, Miyata T, Minaga 
K, Yamao K, Imai H, Sakurai T, Watanabe T, Nishida N, 
Kudo M. Endoscopic ultrasound-guided gallbladder drainage 
for acute cholecystitis: Long-term outcomes after removal of 
a self-expandable metal stent. World J Gastroenterol 2017; 
23(4): 661-667  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v23/i4/661.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i4.661

INTRODUCTION
Laparoscopic cholecystectomy is the standard 

treatment for acute cholecystitis caused by cho
lecystolithiasis[1,2]. For patients at high surgical risk, 
percutaneous transhepatic gallbladder aspiration 
(PTGBA) or percutaneous transhepatic gallbladder 
drainage (PTGBD) can be selected for treatment of 
cholecystitis. However, the efficacy rate of PTGBA 
is insufficient (61%77%), and PTGBD involves an 
external drainage tube, which decreases the ability of 
the patient to carry out their normal daily activities[3,4]. 
Recently, endoscopic ultrasoundguided gallbladder 
drainage (EUSGBD) was developed for acute 
cholecystitis[517]. Jang et al[14] showed that EUSGBD 
was comparable with PTGBD in terms of its technical 
feasibility, efficacy, and procedural safety. 

The aim of this study was to evaluate the out
comes of EUSGBD in patients with acute calculous 
cholecystitis deemed unsuitable for cholecystectomy. 
The examined procedure used a selfexpandable metal 
stent (SEMS), and we also assessed the longterm 
outcomes of the procedure following removal of the 
SEMS.

MATERIALS AND METHODS
Patients 
Between January 2006 and October 2014, 225 
patients with acute cholecystitis due to gallstones 
visited our hospital. Among these, 101, 18, 32, and 62 
patients underwent PTGBA and/or PTGBD, endoscopic 
nasogallbladder drainage, emergent surgery and 
conservative treatment, respectively. The remaining 
12 patients with acute calculous cholecystitis, who 
were deemed unsuitable for cholecystectomy because 
of poor surgical performance indications and had a risk 
of selfremoval of drainage tube, underwent EUSGBD. 
Cases of cholecystitis due to deployment of the metal 
stent and the cases that cystic duct was obstructed 
due to advanced cancer were excluded from this study.
The surgical performance indications for all patients 
were poor (class Ⅲ or Ⅳ on the American Society of 
Anesthesiologists (ASA) Physical Status classification 
system). These patients were identified by retro
spective review of the medical database of our 
hospital. Acute calculous cholecystitis was diagnosed 
in all patients on the basis of the characteristic clinical 
features (abdominal pain and fever), laboratory data 
(high level of serum Creactive protein; CRP), and 
imaging studies. The study was approved by the 
institutional review board of the Kinki University Faculty 
of Medicine, and informed consent was obtained from 
the patients after explaining to them that we could 
perform PTGBA, PTGBD, or EUSGBD.

EUS-GBD technique
An echoendoscope (GFUCT240AL5, Olympus, 
Tokyo, Japan) was introduced into the stomach or 
duodenum. The echoendoscope images were used 
to ensure that gallstones were present in the swollen 
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gallbladder before EUSGBD was performed. After 
visualization of the swollen gallbladder adjacent to 
the antrum or duodenal bulb, the echoendoscope was 
manipulated until an appropriate puncture route, free 
from interposing vessels, was identified. The puncture 
site was selected as the region where the distance 
between the gastrointestinal tract and the gallbladder 
was smallest (1 cm or less). When both the stomach 
and duodenum provided equally good access, the 
duodenum was selected as the puncture site because 
it was easier to maintain the scope position at the 
duodenum than at the stomach.

The neck or body of the gallbladder was generally 
chosen as the ideal target, and was then punctured 
with a 19G needle (EchoTip Ultra, Cook Medical, 
Limerick, Ireland) under endosonographic guidance. 
The gallbladder was then irrigated with a saline 
solution through the 19G needle, using a 20 mL 
syringe. Irrigation was performed at least ten times, 
and was continued until the color of the bile became 
weak. This was performed to prevent peritonitis due 
to bile leakage immediately after the gallbladder was 
punctured. Thereafter, a sufficient length of 0.035 
inch guidewire (Revowave, Piolax, Kanagawa, Japan) 
was inserted into the gallbladder lumen until there 
were more than two coils present. The puncture 
tract was then serially dilated using either biliary 

dilation catheters (6F7F9F, Soehendra Biliary Dilation 
Catheter, Cook, Bloomington, IN, United States) or 
a balloon dilator (Max Pass 4 mm, Olympus, Tokyo, 
Japan) over the guidewire. If passing dilators or 
balloons proved difficult, electrocautery was planned to 
be used. A SEMS (10 mm in diameter, 6 cm in length, 
Wallflex partially covered stent, Boston Scientific, 
Natick, MA, United States) was deployed between the 
gallbladder and the stomach or duodenum. If functional 
success was obtained, the SEMS was removed and/or 
replaced with a 7Fr plastic pigtail stent (4 or 6 cm in 
length) 4 wk after the original EUSGBD (Figure 1). 
Where possible, the stent was replaced after removal 
of the SEMS in order to keep the fistula considering 
the possibility of the recurrence. This technique was 
approved by the institutional review board of the Kinki 
University Faculty of Medicine.

Follow-up after EUS-GBD
Several imaging modalities including ultrasonography, 
computed tomography (CT), fistulography, and/or EUS 
were performed to determine if gallstones remained in 
the gallbladder before removal of the SEMS. CT (looking 
for air images in the gallbladder) and/or fistulography 
were performed to determine if the fistula remained 
open 1 wk after removal of the SEMS. After removal 
of the SEMS, patients were continually followed up by 
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 Acute cholecystitis between January 
2010 and April 2015

n  = 225

PTGBA or PTGBD
n = 101

ENGBD
n = 18

EUS-GBD 
n  = 12

Emergent surgery
n  = 32

Conservative treatment
n  = 62

4 wk later 
(after improvement of cholecystitis)

Removal of SEMS and stent-free
n  = 8

Replacement of SEMS with a 
7-Fr pigtail plastic stent

n  = 4

OR

Follow-up every 2-4 mo by several 
imaging modalities

Lost to follow-up n  = 0
Not lost to follow-up n  = 8

Recurrence n  = 1

Lost to follow-up n  = 1
Not lost to follow-up n  = 3

Recurrence n  = 0

Figure 1  Strategy of endoscopic ultrasound-guided gallbladder drainage procedure. ENGBD: Endoscopic naso-gallbladder drainage; EUS-GBD: Endoscopic 
ultrasound-guided gallbladder drainage; PTGBA: Percutaneous transhepatic gallbladder aspiration; PTGBD: Percutaneous transhepatic gallbladder drainage; SEMS: 
Self-expandable metal stent.
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underwent EUSGBD. Eight patients were ASA class 
Ⅲ, and the others were ASA class Ⅳ. One patient had 
advanced ovarian cancer which expected longterm 
survival and there was no influence of the tumor on the 
cystic duct. Blood examination revealed a mean white 
blood cell (WBC) count of 14525 cells per µL and a 
mean CRP level of 15.7 mg/dL. All cases were moderate 
cholecystitis. The diameter of gallstones was less than 
10 mm in all patients. The EUSGBD procedure was 
performed via the stomach or duodenum in three 
and nine cases, respectively. The distance between 
the gastrointestinal tract and the gallbladder was 1 
cm or less in all cases. Dilation of the puncture site 
was performed by biliary dilation and/or balloon 
catheters without using electrocautery. Table 2 shows 
the outcomes of EUSGBD. The technical success and 
clinical success rates were both 100% (12/12), with no 
adverse events recorded. At day 3 postEUSGBD, the 
mean WBC count and mean CRP were 7075 cells per µL 
and 2.37 mg/dL, respectively. The SEMS was removed 
from eight patients 4 wk after the EUSGBD. In these 
eight patients, the plastic pigtail stent was not deployed 
after removal of the SEMS because the guidewire 
could not be sufficiently inserted due to shrinkage of 
the gallbladder by the EUSGBD treatment. In the 
remaining four patients, the SEMS was replaced with 
a 7Fr plastic double pigtail stent 4 wk after EUSGBD. 
The median postEUSGBD followup period for these 
12 patients was 304 d. During the followup period, one 
of the patients (8.3%) died due to advanced cancer. At 
the time the records were subjected to retrospective 
evaluation (April 1, 2016), recurrence was present 
in one of the patients (8.3%) who did not receive a 
replacement pigtail stent (Figure 2). In four patients 
received replacement of SEMS with a 7Fr plastic double 
pigtail stent, the stent was kept permanently in all of 
those patients.

Before removal of the SEMS, gallstones did not 
remain in the gallbladder in all cases. One week after 
removal of the SEMS, air in the gallbladder was imaged 
by CT in nine cases (Figure 3). The other three cases 
that did not show air images in the gallbladder were 
cases in which the double pigtail plastic stents were 
not deployed. Fistulography was performed in eight 
cases that did not undergo replacement of the stent. 
Among these, fistulography images of the gallbladder 
were obtained in three cases. In total, the fistula was 
confirmed by CT and/or fistulography in 9 of 12 cases. 
Cystic duct patency was confirmed by fistulography 
and/or EUS before as well as 1 week after removal of 
the SEMS in all cases.

DISCUSSION
The aim of the current study was to evaluate the 
feasibility of EUSGBD for patients with acute calculous 
cholecystitis, who were deemed unsuitable for 
cholecystectomy. In this study, both technical and 

blood tests and imaging modalities every 24 mo. It 
was determined whether the cystic duct was patent 
before and after removal of the SEMS by performing 
fistulography and/or EUS.

Assessment of outcomes
The longterm outcomes of EUSGBD after removal 
of SEMS was the primary outcomes in this study. The 
outcomes assessed were technical and clinical success 
rates, adverse events rate, and recurrence rate. Technical 
success was defined as successful stent deployment 
between the gallbladder lumen and the stomach or 
duodenum. Clinical success was defined as improvement 
of typical clinical symptoms within 3 d, with confirmatory 
laboratory tests, with or without improved radiologic 
findings[14]. The incidence of the following adverse events 
was assessed: peritonitis, bile leakage, bleeding, stent 
migration, and stent occlusion. Recurrence of acute 
cholecystitis after EUS-GBD was defined on the basis of 
the characteristic clinical features, laboratory data, and 
imaging studies.

Statistical analysis
Continuous variables are expressed as median or 
mean values with standard deviation or range. All 
statistical analyses were performed using SAS software 
version 9.1 (SAS Institute, Cary, NC, United States).

RESULTS
Table 1 shows the patients’ characteristics. In total, 12 
patients (mean age 76 years, 9 men and 3 women) 

Table 1  Patient characteristics 

Characteristics

Age, mean ± SD, yr 76.3 ± 12.1
Sex, male/female 9/3
Underlying condition
   Ⅲ 66.7% (8/12)
   Ⅳ 33.3% (4/12)
Advanced malignancy   8.3% (1/12)
   White blood cell count (mean, range) 14525 (9100-21300) per µL
   C-reactive protein (mean, range) 15.7 (2.0-32.7) mg/dL

Table 2  Outcomes of endoscopic ultrasound-guided gallbladder 
drainage

Technical success rate  100% (12/12)
Functional success rate  100% (12/12)
Rate of removal  67% (8/12)
Rate of replacement  33% (4/12)
Adverse events    0% (0/12)
Recurrence of cholecystitis 8.3% (1/12)
Follow-up period, days [median, range]        304 (78-1492)
Patient status on follow-up
    Alive 91.7% (11/12)
    Dead 8.3% (1/12)

SEMS: Self-expandable metal stent.
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clinical success was achieved in the treatment of acute 
cholecystitis in all 12 patients. One of the risks of EUS
GBD is bile leakage into the peritoneal space, which 
can cause bile peritonitis. The bile leakage is caused by 
migration of the stent exposing the gap between the 
puncture tract and the stent[5,6,8]. In the present study, 
several techniques were used to avoid such bile 
leakage. Firstly, the guidewire was inserted until at 
least two full coils were in the lumen. The gallbladder 
lumen has more space for coiling than the bile duct, 
and yields better stability. Secondly, we irrigated the 
gallbladder lumen with saline solution after puncturing 
the gallbladder and before proceeding to the next step. 
This irrigation procedure may reduce the chance of 
peritonitis due to bile leakage during dilation. We also 
used SEMSs in our study, and, compared with plastic 
stents, SEMSs are better at sealing the gap between 
the stent and the needle tracts in the gallbladder wall, 
thus preventing bile leakage[8]. As a result, no adverse 
events occurred in this study. In a systematic review of 
EUSguided biliary drainage by Wang et al[18] in 2016, 
the rate of adverse events was 38.46% in the group 
in which cystotomes were used during dilation of the 
puncture site, which was higher than that in the group 
in which dilators or balloons were used. Dilation of the 
puncture site was performed by biliary dilation and/

or balloon catheters without using electrocautery 
in this study. This might be another reason why there 
were no adverse events in this study.

During a longterm followup with a median 
period of 275 d, Choi et al[19] reported that stent distal 
migration was noted in two patients (3.6%), one at 
170 d and the other at 303 d postEUSGBD. They 
also reported recurrence of acute cholecystitis due 
to food impaction. To avoid stent migration and food 
impaction into the gallbladder, we either removed the 
SEMS, or replaced it with a pigtail plastic stent, 4 wk 
after EUSGBD. In our study, there was neither stent 
migration nor food impaction. Performance of these 
additional procedures after EUSGBD may prevent 
such complications.

Recently, the use of lumenapposing metal stents 
(LAMS) with anchor flanges and flares for EUSGBD 
resulted in excellent outcomes[13,15,20]. With a LAMS, 
the distance between the gastrointestinal tract and the 
gallbladder needs to be 1 cm or less[19]. In terms of 
this, a conventional biliary SEMS may have allowed us 
more freedom in selecting the puncture site, although 
this is not certain because the distance was 1 cm or 
less in all cases in this study.

In a study examining the use of LAMS for high
risk surgical patients with acutecholecystitis[20], Walter 

Figure 2  Endosonographic image. A: Endosonographic image before gallbladder drainage. Contents in the gallbladder were mainly sludge without apparent 
gallstones; B: Endosonographic image at the time of recurrence of cholecystitis. Sludge volume in the gallbladder was more increased than when gallbladder drainage 
was performed.

Figure 3  Esophagogastroduodenoscopy and computed tomography. A: Esophagogastroduodenoscopy image of deployment of the metal stent in the duodenum; 
B: Esophagogastroduodenoscopy image of the fistula 1 wk after removal of the metal stent; C: Computed tomography after removal of the metal stent showing air 
image in the gallbladder.

A B
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COMMENTS
Background
Laparoscopic cholecystectomy is the standard treatment for acute 
cholecystitis caused by cholecystolithiasis. For patients at high surgical risk, 
percutaneous transhepatic gallbladder aspiration (PTGBA) or percutaneous 
transhepatic gallbladder drainage (PTGBD) can be selected for treatment of 
cholecystitis. However, the efficacy rate of PTGBA is insufficient (61%-77%), 
and PTGBD involves an external drainage tube, which decreases the ability 
of the patient to carry out their normal daily activities. Recently, endoscopic 
ultrasound-guided gallbladder drainage (EUS-GBD) was developed for acute 
cholecystitis.

Research frontiers
There were few reports on long term outcomes of EUS-GBD. This study, the 
Long-term outcomes after removal of self-expandable metal stent (SEMS), was 
first report and the results of this study contribute to clarifying the potential of 
this procedure for acute cholecystitis. 

Innovations and breakthroughs
In this study, EUS-GBD using SEMS was a useful for removal of gallstones in 
the gallbladder. Gallstones disappeared after EUS-GBD in all cases. During 
long-term follow-up period after the removal of the SEMS, the recurrence 
of the cholecystitis was seen in only one patient (8.3%) and there were no 
complications.

Applications 
This study suggests that EUS-GBD using SEMS and removal of the SEMS 
4 wk after the procedure are useful for patients with cholecystitis who were 
deemed unsuitable for cholecystectomy.

Peer-review
This study described the use of EUS-GBD for the treatment of acute 
cholecystitis in patients deemed unsuitable for surgical procedures. Long-
term outcomes after removal of SEMS were promising. Removal of the SEMS 
after SEMS placement and improvement of symptoms might avoid migration of 
the stent and recurrence of cholecystitis due to food impaction. A larger study 
comparing the efficacy and safety of EUS-GBD with and without early SEMS 
removal is warranted.
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impaction. Therefore, early removal of the metal stent 
after EUSGBD, at a time of around 4 wk (as in the 
present study), may be considered desirable. However, 
we did observe a recurrence of acute cholecystitis 
in one patient (8.3%), where the SEMS was not 
replaced with a pigtail stent. There is a possibility that 
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In a systematic review of EUSGBD, LAMS seemed 
to have a high potential in terms of efficacy and 
safety; however, the technical success of LAMS (91.5%) 
was lower than that of conventional biliary SEMS 
(98.6%)[23]. Further studies including longterm results 
are required to investigate whether SEMS or LAMS are 
better for EUSGBD.EUSGBD with SEMS is a possible 
alternative treatment for acute cholecystitis. Long
term outcomes after removal of SEMS were promising. 
Removal of the SEMS after SEMS placement and 
improvement of symptoms might avoid migration of 
the stent and recurrence of cholecystitis due to food 
impaction.
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for assessing liver function, the liver damage and Child-Pugh classifications and the newly 
proposed albumin-bilirubin (ALBI) grade, in order to examine the feasibility of evaluating he-
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admitted from 2000 to 2015, which were comprised of 1,580 patients hospitalized in the 
Ehime Prefecture area and used as a training cohort (Ehime group), and 1,915 others who were 
used for validation (validation group). ALBI score used for grading ( ≤ –2.60 = grade 1, greater 
than –2.60 to  ≤ –1.39 = grade 2, greater than –1.39 = grade 3) as well as clinical features and 
prognosis (Japan Integrated Staging [JIS], modified JIS, ALBI-TNM [ALBI-T] score) were retro-
spectively investigated.  Results:  For prediction of liver damage A, the values for sensitivity 
and specificity, positive predictive and negative predictive values, and positive and negative 
likelihood ratios of ALBI-1 and Child-Pugh A were similar among the 2 groups. Akaike infor-
mation criterion results showed that prognosis based on ALBI grade/ALBI-T score was better 
than that based on liver damage/modified JIS score and Child-Pugh/JIS score (22,291.8/21,989.4, 
22,379.6/22,076.0, 22,392.1/22,075.1, respectively). The cutoff values for ALBI score for indo-
cyanine green retention rate at 15 min (ICG-R15) <10, <20, and <30% were –2.623 (area under 
the curve [AUC]: 0.798), –2.470 (AUC: 0.791), and –2.222 (AUC: 0.843), respectively. The distri-
bution of ICG-R15 (<10%, 10 to <20%, 20 to <30%, and  ≥ 30%) for ALBI grade 1 was similar to 
that for liver damage A. There were only small differences with regard to therapeutic selection 
with the Japanese HCC treatment algorithm between liver damage and ALBI grade.  Conclu-
sion:  ALBI grade is a useful and easy classification system for assessment of hepatic function 
for therapeutic decision making.  © 2017 S. Karger AG, Basel 

 Introduction 

 In Japan, the degree of liver damage as a guide to liver function (liver damage classifi-
cation)  [1]  has been defined based on ascites, serum bilirubin, serum albumin, indocyanine 
green retention rate at 15 min (ICG-R15) (%), and prothrombin time activity (%) by the Liver 
Cancer Study Group of Japan (LCSGJ) ( Table 1 ). The liver damage classification is utilized for 
evaluation of hepatic function with the hepatocellular carcinoma (HCC) treatment algorithm 
of the evidence-based Japan Society of Hepatology (JSH) guideline  [2, 3] . Moreover, ICG-R15 
has been reported to be a useful marker for predicting the hepatic function of a safely re-
sectable segment in patients with HCC  [4–6] . However, ICG-R15 data are not easily obtained 
in all patients, because ICG injection is needed. On the other hand, the Child-Pugh classifi-
cation  [7]  is used worldwide for evaluation of hepatic function in patients with liver cirrhosis. 
As for the weak points of the Child-Pugh classification, some factors are subjective (ascites, 
encephalopathy), while interrelated factors (serum albumin, ascites) also exist. Omagari et al. 
 [8]  reported that the liver damage classification is a more effective evaluation method for 
patients with early stage HCC as compared to the Child-Pugh classification. Recently, a simple 
evaluation method for hepatic function, termed albumin-bilirubin (ALBI) grade, which is 
calculated using only serum albumin and total bilirubin, has been proposed  [9] , and some 
have reported its usefulness for HCC treatment planning  [9–16] .

  ALBI grade  [13]  and liver damage  [8]  have been reported to have better capability for 
evaluation of hepatic function in Japanese HCC patients as compared to the Child-Pugh clas-
sification, though few studies have assessed the correlation between them. In the present 
study, we investigated the clinical usefulness of the ALBI grade by comparing it with both the 
liver damage and Child-Pugh classifications to analyze whether the ALBI grade can be substi-
tuted for the liver damage classification in the evidence-based JSH guideline.
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  Materials and Methods 

 Patients 
 From 2000 to 2015, 3,495 patients with naive HCC were examined using ICG-R15 at 9 different institu-

tions (Ehime Prefectural Hospital [ n  = 940], Ehime University Hospital [ n  = 268], Matsuyama Red Cross 
Hospital [ n  = 372], Ogaki Municipal Hospital [ n  = 844], Okayama City Hospital [ n  = 135], Teine Keijinkai 
Hospital [ n  = 546], Asahi General Hospital [ n  = 124], Saiseikai Niigata Hospital [ n  = 111], Toyama University 
Hospital [ n  = 155]). After receiving informed consent, ICG-R15 was determined following a bolus injection of 
ICG (0.5 mg/kg) prior to therapy for HCC. ALBI score was calculated based on serum albumin and total bili-
rubin using the following formula, ALBI-score: (log 10  bilirubin [μmol/L] × 0.66) + (albumin [g/L] × –0.085), 
while ALBI grade was defined by the resulting score ( ≤ –2.60 = grade 1, greater than –2.60 to  ≤ –1.39 = grade 
2, greater than –1.39 = grade 3)  [9] .

  Patients positive for anti-hepatitis C virus (HCV) were judged to have HCC due to HCV, and those positive 
for hepatitis B virus surface antigen (HBsAg) were judged to have HCC due to hepatitis B virus (HBV). Those 
without anti-HCV and HBsAg were defined as negative for both HBV and HCV (nonBnonC).

  Comparison between Three Methods for Evaluation of Hepatic Function 
 We examined the relationship between the liver damage ( Table 1 ) and Child-Pugh classifications and 

the ALBI grade using a validation cohort. Patients treated at institutions located in Ehime Prefecture (Ehime 
Prefectural Hospital, Ehime University Hospital, Matsuyama Red Cross Hospital) were defined as the training 
cohort ( n  = 1,580, Ehime group), while the others were used as the validation cohort ( n  = 1,915, validation 
group). For predicting liver damage class A, which often has good values of ICG-R15, the sensitivity, speci-
ficity, positive predictive value (PPV), negative predictive value (NPV), positive likelihood ratio, and negative 
likelihood ratio of ALBI grade 1 and Child-Pugh class A were estimated in both groups.

  The number of patients was investigated in each arm of the therapeutic option of the evidence-based 
JSH guideline  [2, 3] , with each grade used for assessment of hepatic function. In addition, we retrospectively 
evaluated the prognosis shown by each classification for hepatic function, and the prognosis shown by 3 
different prognostic staging systems [Japan Integrated Staging (JIS) score, modified JIS score, ALBI-TNM 
(ALBI-T) score]. The distribution of ICG-R15 in each classification of hepatic function was investigated. JIS 
score was calculated using TNM stage of LCSGJ and Child-Pugh class  [17, 18] , modified JIS score using TNM 
stage of LCSGJ and liver damage  [19] , and ALBI-T using TNM stage of LCSGJ and ALBI grade  [13] .

  Diagnosis and Surveillance of HCC Patients 
 HCC was diagnosed based on an increasing course of α-fetoprotein, as well as dynamic CT  [20] , magnetic 

resonance imaging, contrast-enhanced US with perflubutane (Sonazoid ® , Daiichi Sankyo Co., Ltd., Tokyo, 
Japan)  [21] , and/or pathological findings. TNM stage was determined as reported in studies for staging of 
HCC conducted by the LCSGJ, ed 6      [1] .

  Treatment Criteria 
 After 2005, all treatments were performed following the Japanese practical guidelines for HCC  [2, 3] , 

whenever possible. All treatments were performed after obtaining written informed consent from the 

LD A LD B LD C

Ascites none controllable uncontrollable
Serum bilirubin, mg/dL <2.0 2.0 – 3.0 >3.0
Serum albumin, g/dL >3.5 3.0 –  3.5 <3.0
ICG-R15, % <15 15 – 40 >40
Prothrombin activity, % >80 50 – 80 <50

 The degree of liver damage is decided based on the highest grade 
that contains at least 2 findings. When there are factors B and C, the 
degree is recommended as class B. LD, liver damage; ICG-R15, 
indocyanine green retention rate after 15 min.

 Table 1.  Degree of liver damage 
used by LCSGJ
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patient. The study protocol was approved by the Institutional Ethics Committee of Ehime Prefectural Central 
Hospital (No. 28-30).

  Statistical Analysis 
 Data are expressed as median values or interquartile range (IQR). Statistical analyses were performed 

using the Student  t  test, Mann-Whitney U test, χ 2  test, Pearson test, log-rank test, and Kaplan-Meier methods. 
A  p  value <0.05 was considered to indicate statistical significance. Akaike information criterion (AIC) for 
prognosis with each method, receiver operating characteristic (ROC), and the area under the curve (AUC) 
were calculated for comparisons between the ALBI score and ICG-R15. All statistical analyses were performed 
using Easy R (EZR) (Saitama Medical Center, Jichi Medical University, Saitama, Japan)  [22] , a graphical user 
interface for R (The R Foundation for Statistical Computing, Vienna, Austria)  [23] .

  Results 

 Clinical Backgrounds of Enrolled Patients 
 The total number of patients diagnosed with and/or treated for HCC from 2000 to 2015 

at our institutions was 7,565, of whom 3,495 (46.2%; 2,488 males, 1,007 females; median age 
70 years old, IQR 62–75 years) were enrolled in the present study. Their clinical backgrounds 
are shown in  Table 2 . HCV was the diagnosis in 2,257, HBV in 506, HBV and HCV in 18, and 
nonBnonC in 714 patients. In the comparisons between the Ehime and validation groups, 
there were significant differences with regard to gender, AST, ALT, platelets, total bilirubin, 
ascites, encephalopathy, ICG-R15, liver damage classification, Child-Pugh classification, ALBI 
grade, tumor number (single and multiple), α-fetoprotein ( ≥ 100 ng/mL), des-γ-carboxy 
prothrombin, and therapies ( Table 2 ).

  Surgical resection was performed in 1,274 (36.5%) patients, radiofrequency ablation 
(RFA)  [24, 25]  in 1,652 (47.3%), percutaneous ethanol injection in 51 (1.5%), and trans-
catheter arterial chemoembolization in 462 (13.2%), while other treatments including 
supportive care were performed in 56 (1.6%).

  Grade distribution for each of the 3 hepatic function assessment methods is shown in 
 Table 3 . In the Ehime group, the values for sensitivity, specificity, PPV, NPV, positive like-
lihood ratio, and negative likelihood ratio for predicting liver damage class A based on 
ALBI grade 1 were 0.677, 0.851, 0.831, 0.708, 4.534 (95% CI: 3.800–5.409), and 0.380 
(95% CI: 0.343–0421), respectively, while those based on Child-Pugh class A were 0.999, 
0.413, 0.649, 0.997, 1.703 (95% CI: 1.604–1.808), and 0.003 (95% CI: 0.000–0.021), 
respectively. In the validation group, those values for predicting liver damage class A based 
on ALBI grade 1 were 0.632, 0.906, 0.908, 0.628, 6.739 (95% CI: 5.393–8.422), and 0.406 
(95% CI: 0.375–0.439), respectively, and those based on Child-Pugh class A were 0.995, 
0.438, 0.721, 0.983, 0.769, 1.771 (95% CI: 1.664–1.885), and 0.012 (95% CI: 0.005–0.027), 
respectively. Similar tendencies for these values were seen in both groups. For all 3,495 
enrolled patients, the values for sensitivity, specificity, PPV, NPV, positive likelihood ratio, 
and negative likelihood ratio for predicting liver damage class A based on ALBI grade 1 
were 0.651, 0.879, 0.873, 0.664, 0.751, 5.373 (95% CI: 4.677–6.171), and 0.397 (95% CI: 
0.373–0.423), respectively, and those based on Child-Pugh class A were 0.996, 0.426, 
0.689, 0.989, 0.746, 1.736 (95% CI: 1.663–1.813), and 0.008 (95% CI: 0.004–0.018), 
respectively.

  When each grade was used for assessment of hepatic function with the evidence-based 
JSH guideline, after exclusion of patients with major vein invasion, extrahepatic metastasis, 
and/or rupture ( n  = 209), the numbers of patients in arms 1, 2, 3, 4, and 5 of the algorithm 
with the use of the liver damage classification were 2,138, 554, 257, 203, and 134, respec-
tively, while the numbers of patients in those arms using the Child-Pugh classification were 
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 Table 2. Clinical backgrounds of patients and comparisons between the Ehime and validation groups

Ehime group
(n = 1,580)

Validation group
(n = 1,915)

Total
(n = 3,495)

Age, yearsa 69 (62 – 76) 70 (63 – 75) 70 (62 – 75)
Gender, male:female 1,111:469 1,377:538** 2,488:1,007
Etiology, HCV:HBV:HBV&HCV:nonBnon C 1,107:166:12:295 1,150:340:6:419 2,257:506:18:714
AST, IU/L a 52 (36 – 76) 47 (33 – 67)** 50 (35 – 72)
ALT, IU/L a 42 (27 – 66) 40 (26 – 63)* 41 (27 – 64)
Platelets, ×104 cells/μL a 11.0 (7.8 – 15.4) 11.9 (8.4 – 16.4)** 11.4 (8.1 – 15.8)
Total bilirubin, mg/dL a 0.8 (0.6 – 1.1) 0.7 (0.6 – 1.0)** 0.8 (0.6 – 1.0)
Albumin, g/dL a 3.8 (3.4 – 4.2) 3.8 (3.5 – 4.1) 3.8 (3.4 – 4.1)
Prothrombin time, % a 84.1 (73.2 – 95.5) 87.6 (75.0 – 96.7) 86.0 (74.0 – 96.0)
Ascites, none:mild:moderate to severe 1,442:104:34 1,822:86:7** 3,264:190:41
Encephalopathy, none:grade I–II:grade III–IV 1,578:2:0 1,857:53:5** 3,435:55:5
ICG-R15, % a 21.0 (13.0 – 33.6) 16.0 (10.6 – 23.0)** 17.4 (11.3 – 28.1)
Liver damage, A:B:C 823:658:99 1,137:735:43** 1,960:1,393:142
Child-Pugh, A:B:C 1,266:282:32 1,568:329:18* 2,834:611:50
ALBI grade, 1:2:3 670:834:76 792:1,086:37** 1,462:1,920:113
Tumor size, cm a 2.3 (1.6 – 3.6) 2.4 (1.6 – 3.5) 2.3 (1.6 – 3.5)
Tumor number, single:multiple 956:624 1,328:587** 2,284:1211
TNM stage of LCSGJ, I:II:III:IV 408:728:345:99 574:914:371:56** 982:1,642:716:155
AFP, ng/mL, <100:≥100:ND 1,181:393:6 1,055:277:583** 2,236:670:589
AFP-L3, %, <10:≥10:ND 1,057:378:145 859:271:785 1,916:649:930
DCP, mAU/mL, <100:≥100:ND 917:638:25 856:436:623** 1,773:1,074:648
Treatment, resection:RFA:PEI:TACE:other 400:833:40:265:42 874:819:11:197:14** 1,274:1,652:51:462:56

* p < 0.05, ** p < 0.01,  comparison between Ehime and validation groups. IQR, interquartile range; HCV, hepatitis C virus; 
HBV, hepatitis B virus; nonBnonC, negative for both HBV and HCV; AST, aspartate amino transferase; ALT, alanine transferase; 
ICG-R15, indocyanine green retention rate after 15 min; ALBI grade, albumin-bilirubin grade; TNM stage, tumor node metastasis 
stage; LCSGJ, Liver Cancer Study Group of Japan; ND, no data; AFP, α-fetoprotein; AFP-L3, lens culinaris agglutinin A-reactive 
fraction of AFP; DCP, des-γ-carboxy prothrombin; RFA, radiofrequency ablation; PEI, percutaneous ethanol injection; TACE, 
transcatheter arterial chemoembolization. a Median (IQR).

 Table 3. Comparison of patient distribution between liver damage, Child-Pugh, and ALBI grade

Ehime group (n = 1,580)  Validation group (n = 1,915)

LD A LD B LD C LD  A LD B LD C

ALBI-1 557 113 0 719 73 0
ALBI-2 266 527 41 417 645 24
ALBI-3 0 18 58 1 17 19

LD A LD B LD C LD A LD B LD C

CP A 822 440 4 1,131 435 2
CP B 1 206 75 6 293 30
CP C 0 12 20 0 7 11

CP A CP B CP C CP A CP B CP C

ALBI-1 664 6 0 785 7 0
ALBI-2 602 223 9 783 297 6
ALBI-3 0 53 23 0 25 12

LD, liver damage; CP, Child-Pugh; ALBI, albumin-bilirubin grade.
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2,189, 579, 262, 209, and 47, respectively, and using ALBI grade were 2,157, 565, 258, 201, 
and 105, respectively ( Fig. 1 ).

  Prognosis for each grade according to each hepatic function assessment method was also 
examined ( Fig. 2 a–c). The value obtained with the AIC for prognosis by ALBI grade was lower 
as compared to the liver damage and Child-Pugh values (22,291.8, 22,379.6, and 22,392.1, 
respectively). Similarly, that for prognosis according to ALBI-T score was lower than those 
according to modified JIS and JIS scores (21,989.4, 22,076.0, and 22,075.1, respectively) 
( Fig. 2 d–f).

  The distribution of levels of ICG-R15 in each assessment is shown in  Figure 3 . Those of 
ICG-R15 <10%, 10 to <20%, 20 to <30%, and  ≥ 30% for liver damage class A and B were 
similar to those for ALBI grade 1 and 2 ( Fig. 3 ). ALBI score showed a good relationship with 
ICG-R15 ( r  = 0.616,  p  < 0.001) ( Fig. 4 a). The cutoff values for ALBI score obtained by calcu-
lating ROC and AUC values for prediction of ICG-R15 (<10%) were –2.623 and 0.798, respec-
tively, while those for ICG-R15 (<20%) were –2.470 and 0.791, respectively, and for ICG-R15 
(<30%) were –2.222 and 0.843, respectively ( Fig. 4 b–d).

Treatments

HCC
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 Tumor number

Tumor size

A or B

single 2 or 3 4 4

resection
ablation

resection
TACE LT BSCTACE

chemo
resection
ablation

† ‡

within MC

MVI
EHM

(Rupture)

C

Patient  number ARM 1 ARM 2 ARM 3 ARM 4 ARM 5 ARM 6

Liver  damage 2138 554 257 203 134 209

Child-Pugh 2189 579 262 209 47 209

ALBI grade 2157 565 258 201 105 209

1–3

*

  Fig. 1.  HCC treatment algorithm of the evidence-based Japan Society of Hepatology (JSH) guideline and dis-
tribution of patients with 3 hepatic function assessment tools.  §  Child-Pugh classification may also be used 
when nonsurgical treatment is considered.  †  Can be selected for tumors with a diameter  ≤ 3 cm.  ‡  Patients 
aged  ≤ 65 years.  *  In some cases, liver resection, chemotherapy, and embolization therapy may be selected 
for patients with Child-Pugh class A along with vascular invasion, while chemotherapy is recommended for 
patients with Child-Pugh class A disease with extrahepatic metastasis. TACE, transcatheter arterial chemo-
embolization; MC, Milan criteria (single lesion  ≤ 5 cm or 2–3 lesions each  ≤ 3 cm); LT, liver transplantation; 
BSC, best supportive care; MVI, major vessels invasion; EHM, extrahepatic metastasis; ALBI grade, albumin-
bilirubin grade. 
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  Fig. 2.   a  Overall survival rates of patients according to liver damage classification (Akaike information cri-
terion, AIC: 22,379.6).  b  Overall survival rates of patients according to the Child-Pugh classification (AIC: 
22,392.1).  c  Overall survival rates of patients according to albumin-bilirubin (ALBI) grade (AIC: 22,291.8).
 d  Overall survival rates of patients according to modified Japan Integrated scoring system (JIS) score (AIC: 
22,076.0).  e  Overall survival rates of patients according to JIS score (AIC: 22,075.1).  f  Overall survival rates 
of patients according to ALBI-tumor node metastasis (ALBI-T) score (AIC: 21,989.4). 
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  Discussion 

 Therapy for HCC in Japanese patients is generally performed according to the HCC 
treatment algorithm described in the “guidelines for liver cancer treatment based on scien-
tific evidence” using the liver damage classification in the evidence-based JSH guideline  [2, 3] . 
The liver damage classification, which requires ICG test results, has been reported to be more 
effective for evaluation of hepatic function than the Child-Pugh classification  [26, 27] . On the 
other hand, the Child-Pugh classification may also be used in the evidence-based JSH guideline 
for consideration of nonsurgical treatment  [3] . In fact, the ICG test was performed only in 
46.2% of the present patients with HCC in all institutions. In addition, there are issues related 
to bolus injection of ICG, needed for an ICG test, and allergy to ICG, and constitutional ICG 
excretory defect  [28]  and the possibility of underestimation of hepatic function for patients 
who have a progressed portal-venous shunt  [29]  have been reported. Moreover, there might 
also be problems when liver damage and Child-Pugh, which has been reported to be inferior 
to liver damage  [8] , are used together in the evidence-based JSH guideline. The newly proposed 
ALBI grade  [9]  was shown to provide a better estimation of hepatic function than the Child-
Pugh classification  [13] , and can be calculated with only albumin and total bilirubin data. 
Indeed, no need for imaging assessment of ascites, encephalopathy, subjective evaluation, or 
ICG-R15 is thought to be an advantage of ALBI grade as compared with the other classifica-
tions. In the present analysis, when ALBI grade was used for assessment of hepatic function 
in the Japanese HCC treatment algorithm, the distribution of patients in each therapeutic 
option arm was similar as compared to the liver damage classification.

  No comparisons between the liver damage classification and ALBI grade have previously 
been made. In the present study, the Ehime and validation groups showed a similar tendency 
for predicting liver damage class A between ALBI grade and the Child-Pugh classification, and 
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  Fig. 3.  Distribution of level of indocyanine green retention rate at 15 min (ICG-R15).  a  Comparison between 
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the positive likelihood ratio of ALBI grade 1 for liver damage class A was good. However, as 
compared to the Child-Pugh classification, the frequency of patients categorized as requiring 
transplantation or supportive care due to decompensated classification (arm 5) was increased 
in the order of ALBI grade and liver damage. Child-Pugh classification had a tendency to over-
estimate, while liver damage had a tendency to underestimate hepatic function. In a 
comparison of AIC for prognosis assessment, ALBI grade and ALBI-T score were better than 
the others. These results suggest that ALBI grade has a superior ability for assessment of 
hepatic function in patients with HCC.

  Surgical resection plays a very important role for improving the prognosis of HCC patients, 
especially in those with a low number of small-sized tumors (e.g., Milan criteria  [30] ). Bennett 
and Blumgart  [31]  reported that ICG-R15 was unnecessary for deciding on the indication for 
resection or selection of surgery. However, the ICG test has been described in many reports 

AUC: 0.791
95% CI: 0.775–0.806

a b

Sensitivity: 0.699
Specificity: 0.729

–2.470

Specificity

Se
ns

iti
vi

ty

0

0.2

0.4

0.6

0.8

1.0

1.0 0.8 0.6 0.4 0.2 0

d Specificity

Se
ns

iti
vi

ty

0

0.2

0.4

0.6

0.8

1.0

1.0 0.8 0.6 0.4 0.2 0
c Specificity

Se
ns

iti
vi

ty

0

0.2

0.4

0.6

0.8

1.0

1.0 0.8 0.6 0.4 0.2 0

AUC: 0.798
95% CI: 0.781–0.816

–2.623
Sensitivity: 0.780
Specificity: 0.699

AUC: 0.843
95% CI: 0.827–0.859

–2.222

Sensitivity: 0.823
Specificity: 0.708

0 20 40 60 80 100

–4

–3

–2

–1

ICG-R15

AL
BI

 s
co

re

ICG-R15 <10%

ICG-R15 <20% ICG-R15 <30%

  Fig. 4.   a  Relationship between albumin-bilirubin (ALBI) score and indocyanine green retention rate at 15 
min (ICG-R15) ( r  = 0.616,  p  < 0.001).  b  The cutoff value of ALBI score for predicting ICG-R15 (<10%) by cal-
culating receiver operating characteristic (ROC) was –2.623 (sensitivity: 0.780, specificity 0.699, AUC: 0.798). 
 c  The cutoff value of ALBI score for predicting ICG-R15 (<20%) by ROC was –2.470 (sensitivity: 0.699, spec-
ificity 0.729, AUC: 0.791).  d  The cutoff value of ALBI score for predicting ICG-R15 (<30%) by ROC was –2.222 
(sensitivity: 0.823, specificity 0.708, AUC: 0.843). 

Co
lo

r v
er

si
on

 a
va

ila
bl

e 
on

lin
e

－258－



213Liver Cancer 2017;6:204–215

 DOI: 10.1159/000452846 

 Hiraoka et al.: ALBI Grade for HCC Treatment 

www.karger.com/lic
© 2017 S. Karger AG, Basel

as an important examination in patients treated with surgical resection. Makuuchi and 
colleagues noted the efficacy of ICG test results for decision making in regard to resectable 
area and proposed the Makuuchi criteria  [6, 32] , while Torzilli et al.  [33]  reported satisfactory 
results following hepatic resection, with a 30-day postoperative mortality of 0% when the 
criteria were considered for selecting patients to undergo surgery. Ariizumi et al.  [34]  also 
reported that the rates of postoperative liver failure and mortality were higher in patients 
with ICG-R15 (10% or higher) compared to others who underwent a right hepatectomy or 
trisectionectomy for HCC (23 vs. 2%,  p  = 0.002, and 11 vs. 0%,  p  = 0.016, respectively).

  In addition to the ICG test, development of intraoperative ultrasonically guided subseg-
mentectomy techniques  [35, 36]  has made surgical resection safer  [37] . In a follow-up survey 
conducted in Japan ( n  = 54,145), hospital mortality after a resection procedure was reported 
to be 2.6%  [38] . When evaluation for hepatic function was done using ALBI grade, most 
patients with ALBI grade 1 showed an ICG-R15 value lower than 30%. The Makuuchi criteria 
define resectable segments according to ICG-R15 level (<10% = >2 segments, 10 to <20% = 
1 segment, 20 to <30% = subsegment, 30 to <40% = partial,  ≥ 40% = enucleation)  [6, 32] . In 
the present study, the distribution of ICG-R15 levels in ALBI grade 1 was similar to that in 
liver damage class A. Based on this result, we consider that the ICG test can be used if necessary, 
depending on the area scheduled for hepatectomy (e.g., subsegmental, segmental, lobectomy) 
in patients graded as ALBI-1, and when hepatectomy is considered for patients graded as 
ALBI-2. Thus, ALBI grade might help to solve difficulties associated with performing the ICG 
test in HCC patients and the inferiority of assessment with the Child-Pugh classification for 
hepatic function.

  The present study has some limitations, including its retrospective nature. Further inves-
tigations with greater numbers of cases are needed to confirm our findings. The majority of 
the present cohort was considered for resection or RFA, and additional patients with liver 
damage class C should be analyzed. Of course, each parameter is only one of many indicators 
available for estimation of hepatic function, and a group of patients cannot be clearly divided 
into different therapeutic strategies using only a single parameter. Nevertheless, our findings 
indicate that ALBI grade is a simple but informative clinical indicator for planning treatment 
against HCC and is considered as adequate for use in the HCC algorithm.
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Articles

S-1 versus placebo in patients with sorafenib-refractory 
advanced hepatocellular carcinoma (S-CUBE): a randomised, 
double-blind, multicentre, phase 3 trial
Masatoshi Kudo, Michihisa Moriguchi, Kazushi Numata, Hisashi Hidaka, Hironori Tanaka, Masafumi Ikeda, Seiji Kawazoe, Shinichi Ohkawa, 
Yozo Sato, Shuichi Kaneko, Junji Furuse, Madoka Takeuchi, Xuemin Fang, Yoshito Date, Masahiro Takeuchi, Takuji Okusaka

Summary
Background Unresectable advanced hepatocellular carcinoma is a heterogeneous disease, for which sorafenib is the 
first targeted agent approved for first-line therapy, and treatment options for patients with sorafenib-refractory 
advanced hepatocellular carcinoma are limited. We assessed the efficacy and safety of S-1, a chemotherapeutic agent 
based on fluorouracil, in patients with sorafenib-refractory advanced hepatocellular carcinoma.

Methods We did a randomised, double-blind, placebo-controlled, phase 3 study done at 57 sites in Japan. Patients 
with advanced hepatocellular carcinoma who were ineligible for surgical or local-regional therapy and judged 
refractory to sorafenib (ie, had progressed on sorafenib or had discontinued sorafenib because of adverse events) 
were randomly assigned (2:1) to receive oral S-1 (weight-banded 80 mg/m² [80–120 mg per day]), or placebo, twice 
per day for 28 days consecutively, followed by a minimum 14 day drug-free period. This cycle was repeated until 
disease progression or the patient became intolerant to the study treatment. Patients were stratified by site and 
presence or absence of extrahepatic metastasis or vascular invasion. The primary endpoint was overall survival, 
assessed in the full analysis set (ie, all patients who were treated with study drug except any individuals who were 
found not to have hepatocellular carcinoma or who were found to have active double cancer). Patients, medical staff, 
investigators, and the sponsor were masked to treatment assignment. Blinding was maintained even after study 
treatment concluded. This study is registered with JapicCTI, number JapicCTI-090920, and has been completed.

Findings Between Oct 26, 2009, and Aug 22, 2012, we screened 399 patients. 65 patients were excluded due to not 
meeting criteria (n=61), declining to participate (n=3), or other reasons (n=1). 334 patients were randomly assigned to 
receive either S-1 (n=223) or placebo (n=111). One patient in the S-1 group did not receive treatment, and was thus 
excluded from analyses. At data cutoff, median follow-up was 32·4 months (IQR 24·0–34·7) in the S-1 group and 
32·9 months (23·7–39·5) in the placebo group. Median overall survival was 11·1 months (95% CI 9·7–13·1) in the 
S-1 group and 11·2 months (9·2–12·8) in the placebo group (hazard ratio 0·86, 95% CI 0·67–1·10; p=0·220). 
The most frequently reported adverse events were skin hyperpigmentation (123 [55%] of 222 patients in the S-1 group 
vs nine [8%] of 111 patients in the placebo group), decreased appetite (104 [47%] vs 21 [19%]), fatigue (102 [46%] vs 
20 [18%]), diarrhoea (77 [35%] vs 14 [13%]), and increased blood bilirubin (77 [35%] vs 14 [13%]). Serious adverse events 
were reported in 90 (41%) of 222 patients in the S-1 group and 24 (22%) of 111 patients in the placebo group. 
Five treatment-related deaths were reported in the S-1 group.

Interpretation S-1 did not prolong overall survival in patients with sorafenib-refractory advanced hepatocellular 
carcinoma. Further research is needed to identify subgroups of patients who might benefit from S-1.

Funding Taiho Pharmaceuticals.

Introduction
Hepatocellular carcinoma, the most common type of liver 
cancer, is a major public health concern. According to 
GLOBOCAN 2012 data, liver cancer is the sixth most 
common cancer worldwide, and the second most common 
cause of cancer-related deaths.1 Sorafenib is the first 
targeted agent approved as first-line therapy for patients 
with advanced hepatocellular carcinoma.2,3 Although no 
treatment regimen has been established for the second-line 
setting of advanced hepatocellular carcinoma,4–6 regorafenib 
showed a significant improvement in overall survival in a 
phase 3 study (RESORCE)7 for patients whose disease had 
progressed after treatment with sorafenib.

S-1 is an oral fluoropyrimidine that inhibits 
dihydropyrimidine dehydrogenase, comprised of tegafur 
(a prodrug of fluorouracil and the main cytotoxic 
effector), gimeracil (a potent dihydropyrimidine 
dehydrogenase inhibitor), and oteracil (an inhibitor of 
phosphorylation of fluorouracil in the gastrointestinal 
tract) in a molar ratio of 1:0·4:1. Use of S-1 resulted in a 
prolonged effective concentration of fluorouracil in the 
liver.8,9 S-1 is approved in Japan for various solid tumours 
(gastric cancer, head and neck cancer, colorectal cancer, 
non-small-cell lung cancer, inoperable or recurrent 
breast cancer, pancreatic cancer, and biliary tract cancer) 
as a single agent or in combination with other 
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chemotherapy drugs such as cisplatin. S-1 is also 
approved in other Asian countries (Korea, China, 
Singapore, Taiwan, Thailand, Hong Kong, Malaysia, 
Israel, and Vietnam, as of July, 2015) for one or more of 
the previously described indications, and in Europe for 
treatment of advanced gastric cancer when given in 
combination with cisplatin.

Results of a multicentre phase 1/2 study9 of S-1 in 
patients with advanced hepatocellular carcinoma were 
encouraging, with a response rate of 21·7% (five of 
23 patients), median progression-free survival of 
3·7 months, and overall survival of 16·6 months. 
Although no data are available on the efficacy of systemic 
chemotherapy using fluorouracil for patients with 
advanced hepatocellular carcinoma, the phase 1/2 study 
of S-1 suggested favourable efficacy and tolerability for 
these patients. Furthermore, the studies of combination 
chemotherapy of S-1 with interferon alpha also suggested 
favourable efficacy for patients with advanced 
hepatocellular carcinoma.10,11

When our study was planned, sorafenib was the 
only effective treatment for patients with advanced 
hepatocellular carcinoma, and new treatment options 
were desired for sorafenib-refractory advanced hepato-
cellular carcinoma. We planned to do a randomised, 
double-blind, placebo-controlled, comparative phase 3 
study of S-1 to investigate a therapy for patients with 
advanced hepatocellular carcinoma who discontinued 
sorafenib treatment due to disease progression or 
adverse drug reaction. 

A common challenge when investigating new agents 
for advanced hepatocellular carcinoma is the high degree 
of patient heterogeneity associated with the disease 
(eg, tumour stage, liver function, performance status, 
and general health of patients).12 Although precision 
medicines are becoming more widespread, identification 
of appropriate treatment strategies that take individual 
variability into account can have a substantial effect on 
outcomes for patients with hepatocellular carcinoma.13 

Predictive enrichment strategy, a new concept proposed 
by the US Food and Drug Administration (FDA),14 calls 
for a systematic, prespecified procedure to identify a 
patient population that will benefit most from a particular 
treatment,15 which can be accomplished by analysing the 
results of a single study or a series of studies done under 
similar settings. Therefore, we did a post-hoc exploratory 
predictive enrichment strategy analysis in this study.

Methods
Study design
This randomised, double-blind, placebo-controlled, 
comparative phase 3 study (S-CUBE) was done at 
57 sites (academic medical centres and community 
practices) in Japan. The study was approved by each site’s 
institutional review board and was done in accordance 
with the Declaration of Helsinki and Good Clinical 
Practice Guidelines.

Patients
We screened patients for eligibility within 15 days of 
registration. Eligible patients were aged 20 years or older 
with histologically, cytologically, or clinically confirmed 
hepatocellular carcinoma (a typical profile of malignancy 
in imaging and alpha-fetoprotein [AFP] or protein-
induced vitamin K absence or antagonist-II [PIVKA-II] 
levels exceeding the laboratory reference range); 
ineligible for surgical or local-regional therapy (eg, 
percutaneous local therapy and transcatheter arterial 
(chemo)embolisation [TA(C)E]); and previously treated 
with but adjudged refractory to sorafenib (ie, disease 
progression while taking sorafenib or discontinued due 
to an adverse event). Eligible patients had discontinued 
sorafenib at least 15 days before registration and had at 
least one target lesion as assessed by Response Evaluation 
Criteria In Solid Tumors (RECIST) version 1.1 criteria; 
Child-Pugh score of 5–7; Eastern Cooperative Oncology 
Group (ECOG) performance status of 0–1; and adequate 
haematological, renal, and liver function.

Research in context

Evidence before this study
We searched PubMed and abstracts of major oncology 
congresses with keywords including “hepatocellular carcinoma”, 
“HCC”, “sorafenib”, “molecular targeted therapies”, and 
“prognostic factors” for papers published between May 1, 2008, 
and Dec 31, 2015. The search was restricted to articles published 
in English. Sorafenib is the only targeted agent approved for 
patients with advanced hepatocellular carcinoma. No available 
treatments have shown clinical benefit as second-line 
treatment after sorafenib.

Added value of this study
In patients with sorafenib-refractory advanced hepatocellular 
carcinoma, S-1 was not superior to placebo in terms of overall 

survival. Based on patient characteristics, we identified a 
potential high-response population that might benefit from S-1.

Implications of all the available evidence
Unresectable advanced hepatocellular carcinoma is a complex 
carcinoma with high heterogeneity that has few 
chemotherapeutic options. Sorafenib remains the only 
effective first-line treatment for patients with advanced 
hepatocellular carcinoma who are not amenable to surgery and 
local-regional therapy, and treatment options are extremely 
limited for patients who become refractory to sorafenib. 
Further assessment of the efficacy of S-1 in a high-response 
population as suggested by our exploratory predictive 
enrichment approach might be worthwhile. 
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Patients were excluded if they had undergone 
hepatectomy, percutaneous local therapy, TA(C)E or 
hepatic arterial infusion chemotherapy within 30 days of 
registration or had a history of liver transplantation. 
Patients were also excluded if they had brain metastasis; 
history of hepatic artery infusion chemotherapy with 
fluorouracil or S-1; received any systemic chemotherapy 
after sorafenib for hepatocellular carcinoma; tumour 
vascular invasion in Vp4 (portal trunk and contralateral 
portal branch), Vv3 (inferior vena cava), B3 (primary 
bile duct branch), and B4 (common bile duct); 
serious complications; clinical hepatic encephalopathy; 
intractable or refractory ascites; pleural effusion or 
pericardial effusion; or active double cancer (appendix 
pp 2–3). All patients provided written informed consent.

Randomisation and masking
Eligible patients were randomly assigned (2:1) via an 
interactive web response system to receive S-1 or 
placebo. Randomisation was stratified by minimisation, 
based on study site and presence or absence of 
extrahepatic metastasis or vascular invasion (portal 
vein, hepatic vein, bile duct, or of branch). The study 
investigators enrolled patients and the randomisation 
sequence, generated by Bell Medical Solutions (Tokyo, 
Japan), was independent of the study sponsor. S-1 and 
placebo were identical except for the active ingredients. 
Patients, medical staff, investigators, and the sponsor 
were masked to treatment assignment. Blinding was 
maintained even after study treatment.

Procedures
The dose of S-1 (80 mg/m²) was selected on the basis of 
the results of a phase 1/2 study of S-1 for patients with 
advanced hepatocellular carcinoma,9 and the daily dose 
for each patient was determined in bands, based on the 
body surface area of each patient at the time of registration 
(80 mg for <1·25 m², 100 mg for 1·25 to <1·50 m²; and 
120 mg for ≥1·50 m²).

In the first cycle of treatment, oral S-1 was given twice 
daily, within 1 h of breakfast and the evening meal, for 
28 days consecutively (total 56 doses). Patients in the 
placebo group received identical placebo capsules of S-1 
at the same schedule as the S-1 group. Then, patients 
underwent a minimum 14-day, drug-free period followed 
by a second cycle. Cycles continued until one of the 
criteria for discontinuation of study drug was met—ie, 
disease progression or intolerable adverse event. Details 
of permitted dose reductions or interruptions can be 
found in the appendix (pp 4–5).

Vital signs and laboratory values were assessed every 
2 weeks until cycle 4, and every 3 weeks thereafter during 
the treatment period. Local radiological imaging was 
performed at baseline, every 6 weeks during the first 
24 weeks of treatment, and every 12 weeks thereafter  
until one of the criteria for imaging was met–ie, initiation 
of a new therapy for hepatocellular carcinoma, consent 

withdrawal for imaging follow-up, investigators’ decision 
from the safety point of view, or patient’s death. Survival 
follow-up was done every 12 weeks after the 
discontinuation of imaging follow-up. Study drug 
administration after the treatment period and crossover 
of treatment were not allowed.

Outcomes
The primary endpoint was overall survival (defined as the 
time from date of random assignment to date of death). 
Patients who had not died or who were lost to follow-up 
were censored on the last date on which they were known 
to have been alive. Secondary endpoints included 
progression-free survival (defined as the time from date 
of randomisation to date of first observation of disease 
progression or death due to any cause), time 
to progression (defined by the time from date of 
randomisation to date of first observation of disease 
progression), time to treatment failure (defined by the 
time from date of randomisation to date of completion of 
the study treatment), the proportion of patients with an 
objective tumour response (defined as the proportion of 
patients having partial response or complete response as 
their best overall response assessment), and incidence of 
adverse events. Exploratory objectives were to identify a 
potential high-response population that is more likely to 
respond to S-1 using a predictive enrichment strategy 
and patient mapping, and assess the efficacy (ie, overall 
survival) of S-1 versus placebo in the high-response 
population. Treatment response was assessed on the 
basis of the RECIST version 1.1 criteria by centralised 
review, and safety was assessed according to the Common 
Terminology Criteria for Adverse Events (CTCAE) 
version 3.0, until 30 days after last dose of the study drug.

Statistical analysis
The full analysis set (ie, all patients who were treated 
with study drug except any individuals who were found 
not to have hepatocellular carcinoma or who were found 
to have active double cancer) was used for efficacy 
analyses and the safety analysis set (ie, all patients except 
those who did not receive study drug) was used for safety 
analyses. Efficacy and safety analyses were planned 
when 250 deaths had occurred, and at least 1·5 years had 
passed after assignment of the final patient. At the time 
of trial planning, survival after sorafenib was unclear, 
due to the lack of information on sorafenib treatment in 
Japan. The expected median overall survival in the 
placebo group was estimated on the basis of the results 
of a phase 3 study of sorafenib,3 and experiences in Japan 
(personal communication). In the reference study,3 the 
difference between overall survival and progression-free 
survival in the sorafenib group was around 5 months. 
Japanese investigators had considered that survival of 
Japanese patients with advanced hepatocellular 
carcinoma might be longer than the results of the study. 
The expected median overall survival in the S-1 group 

See Online for appendix
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was estimated to be 3·5 months longer than the placebo 
group, based on the results of phase 1/2 study of S-1 
for hepatocellular carcinoma.9 Therefore, the expected 
median survival was estimated to be 10 months in the 
S-1 group and 6·5 months in the placebo group. The 
power under the alternative hypothesis was deemed to 
be approximately 90% to detect the superiority of S-1 
over placebo to prolong overall survival with two-sided 
5% significance. Assuming survival would be distributed 
in accordance with exponential distribution, a total of 
250 deaths were expected, and assuming that 5% of the 
patients would be excluded from the full analysis set, we 
planned to enrol 330 patients (220 patients in the S-1 
group and 110 patients in the placebo group, 2:1 ratio 
selected for ethical reasons). Survival for each group was 
summarised using Kaplan-Meier curves and was further 
characterised in terms of median value, survival 
probability at 12 months, and 95% CIs. The difference in 
overall survival between the two groups was assessed 
using an unstratified log-rank test with two-sided 
5% significance level. Hazard ratios (HRs) were 
calculated using the Cox proportional hazard model. We 
did a sensitivity analysis of overall survival for the full 
analysis set using a stratified log-rank test adapted for 
the stratifying factors for randomisation. We analysed 
secondary time-to-event endpoints in a similar way to 
the primary endpoint. We summarised objective tumour 
responses by treatment group and analysed the 
difference between groups using the Fisher’s exact test 
with a one-sided alternative hypothesis. The proportion 
of adverse events was listed by group. We planned one 
interim analysis to test for early evidence of potential 

inferiority of S-1 versus placebo to judge whether 
premature discontinuation was necessary in terms of 
safety. Data were to be locked when a total of 100 patients 
from both groups had completed two cycles of treatment. 
The independent data monitoring committee (IDMC) 
was to assess the incidence of serious adverse events, 
reasons for discontinuation, and treatment period under 
non-blinded conditions.

A post-hoc exploratory predictive enrichment analysis 
was performed by the method proposed by Li and 
colleagues,15 in which data are divided into two sets—a 
training sample and a validation sample. The training 
sample is used for patient scoring, obtaining prediction 
Z score, and iterative random-cross-validation within the 
sample. The results from the training sample are then 
validated in the validation sample. However, in this 
study, all patients administered study drug were used for 
the training and validation samples due to the small 
sample size. For further characterisation of the 
statistically enriched subgroup, patient mapping was 
applied to identify a high-response population, for which 
patients were plotted on two-dimensional, multivariable 
plots using the predictive enrichment score and patient 
covariate values. A high-response population was 
identified by patient mapping and clinical considerations. 
This post-hoc exploratory predictive enrichment analysis 
was planned between completion of enrolment and data 
lock for the primary analysis.

Data were analysed using SAS version 9.2 (primary 
analysis) and R version 3.2.0 (exploratory analysis) 
software. This trial is registered with Japan 
Pharmaceutical Information Center Clinical Trial, 
number JapicCTI-090920.

Role of the funding source
The funder of the study was involved in the study design, 
data collection, data analysis, data interpretation, writing 
of the report, and decision to submit the report for 
publication. The corresponding author had full access to 
all the data in the study and had final responsibility for 
the decision to submit.

Results
Between Oct 26, 2009, and Aug 22, 2012, we screened 
399 patients. 65 patients were excluded (figure 1). 
334 patients were randomly assigned to receive either 
S-1 (n=223) or placebo (n=111). Of these patients, 
333 received the study drug (222 in the S-1 group; 111 in 
the placebo group) from 53 sites in Japan (figure 1). The 
planned interim analysis was done in July, 2011, and the 
IDMC recommended continuing the trial. Baseline 
patient characteristics were similar between treatment 
groups (table 1). All patients had previously received 
sorafenib and 224 (67%) of the patients had discontinued 
sorafenib due to progressive disease. 208 (62%) of 
333 patients had advanced disease (stage IV per 
tumour-node-metastasis [TNM] staging system of Liver Figure 1: Trial profile

223 assigned to receive S-1
1 untreated and excluded from
    efficacy and safety analyses

9 continued

213 discontinued study drug
 165 had primary disease 
  progression
 41 had adverse drug reaction
 6 withdrew consent
 1 other reason

111 assigned to receive placebo

1 continued

110 discontinued study drug
 97 had primary disease 
  progression
 6 had adverse drug reaction
 6 withdrew consent
 1 protocol deviation

399 patients assessed

334 randomised

65 excluded
 61 did not meet criteria
 3 declined to participate
 1 other reason
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Cancer Study Group of Japan [LCSGJ]16), and 27 (8%) 
had early disease (stage I–II16). 270 (81%) patients had 
good hepatic function (Child-Pugh A; score 5–6) and 
278 (83%) patients were in good general condition 
(ECOG performance status 0).

Median treatment duration was 3·5 months 
(IQR 1·4–7·9) in the S-1 group and 2·0 months (1·0–3·8) 
in the placebo group. The median relative dose intensity 
in the S-1 group was 85·26% (IQR 69·12–98·81). At data 
cutoff (Feb 22, 2014), 323 (97%) of 333 patients had 
discontinued treatment (213 [96%] of 222 patients in the 
S-1 group and 110 [99%] of 111 patients in the placebo 
group) due to disease progression (165 [77%] of 
213 patients in the S-1 group, 97 [88%] of 110 in the 
placebo group) or adverse events (41 [19%] in the S-1 
group, six [5%] in the placebo group). Post-study 
treatments, such as systemic chemotherapy, TA(C)E, and 
hepatic artery infusion chemotherapy, were given to 
111 (50%) of 222 patients in the S-1 group and 85 (77%) of 
111 patients in the placebo group; six (7%) of 85 patients 

in the placebo group were treated with S-1 after the study 
(appendix p 9).

At data cutoff on Feb 22, 2014, 183 deaths had occurred 
in the S-1 group, and 100 deaths had occurred in the 
placebo group. Median follow-up was 32·4 months 
(IQR 24·0–34·7) in the S-1 group and 32·9 months 
(23·7–39·5) in the placebo group. Median overall 
survival was 11·1 months (95% CI 9·7–13·1) in the 
S-1 group and 11·2 months (9·2–12·8) in the placebo 
group. There was no significant difference between 
groups for overall survival (HR 0·86, 95% CI 0·67–1·10; 
p=0·22, figure 2A). 12-month overall survival was 46·4% 
(95% CI 39·8–53·0) in the S-1 group and 46·8% 
(37·6–56·1) in the placebo group; 24-month overall 
survival was 20·5% (14·9–26·0) in the S-1 group and 
18·2% (10·9–25·6) in the placebo group. There was no 
significant difference in the proportion of patients with 
an objective response: 12 (5%, 95% CI 3–9) patients in 
the S-1 group had an objective response, as did one (1%, 
95% CI 0–5) in the placebo group (p=0·068; table 2). 

S-1 group 
(n=222)

Placebo group 
(n=111)

Sex

Male 183 (82%) 85 (77%)

Female 39 (18%) 26 (23%)

Age (years) 70 (64–75) 70 (64–75)

ECOG performance status

1 34 (15%) 21 (19%)

0 188 (85%) 90 (81%)

Cirrhosis

No 71 (32%) 35 (32%)

Yes 151 (68%) 76 (68%)

Cause

HBsAg positive 44 (20%) 26 (23%)

HCV Ab positive 121 (55%) 59 (53%)

Reason for discontinuation of sorafenib

Disease progression 147 (66%) 77 (69%)

Adverse event 75 (34%) 34 (31%)

Treatment duration of sorafenib (days) 113 (53–196) 90 (45–150)

Child-Pugh score

5 104 (47%) 45 (41%)

6 76 (34%) 45 (41%)

7 42 (19%) 21 (19%)

TNM stage16

I 0 (0%) 1 (<1%)

II 18 (8%) 8 (7%)

III 65 (29%) 33 (30%)

IVA 38 (17%) 25 (23%)

IVB 101 (45%) 44 (40%)

BCLC staging system

Early 7 (3%) 1 (<1%)

Intermediate 69 (31%) 36 (32%)

Advanced 146 (66%) 74 (67%)

(Table 1 continues in next column)

S-1 group 
(n=222)

Placebo group 
(n=111)

(Continued from previous column)

Vascular invasion or extrahepatic metastasis

No 83 (37%) 41 (37%)

Yes 139 (63%) 70 (63%)

Extrahepatic metastasis

No 101 (45%) 53 (48%)

Yes 121 (55%) 58 (52%)

Site of measurable lesions

Liver 178 (80%) 94 (85%)

Lung 58 (26%) 22 (20%)

Adrenal gland 14 (6%) 4 (4%)

Lymph node 41 (18%) 18 (16%)

Peritoneum 9 (4%) 5 (5%)

Other 12 (5%) 6 (5%)

Vascular invasion

No 186 (84%) 88 (79%)

Yes 36 (16%) 23 (21%)

Portal venous invasion at the first portal branch (Vp3)

No 208 (94%) 108 (93%)

Yes 14 (6%) 8 (7%)

AFP (ng/mL)

<400 131 (59%) 62 (56%)

≥400 91 (41%) 49 (44%)

PIVKA-II (mAU/mL)

<400 84 (38%) 44 (40%)

400–10 000 99 (45%) 51 (46%)

≥10 000 39 (18%) 16 (14%)

Data are n (%) or median (IQR). ECOG=Eastern Cooperative Oncology Group. 
HBsAg=hepatitis B surface antigen. HCV Ab=hepatitis C virus antibodies. 
TNM=tumour node metastasis. BCLC=Barcelona clinic liver cancer. AFP=alpha 
fetoprotein. PIVKA-II=protein-induced vitamin K absence or antagonist-II.

Table 1: Baseline patient and tumour characteristics
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By contrast, median progression-free survival was 
2·6 months (95% CI 2·6–2·8) in the S-1 group and 
1·4 months (1·3–2·3) in the placebo group. Progression-
free survival was significantly improved in the S-1 group 
compared with placebo group (HR 0·60, 95% CI 
0·46–0·77; p<0·0001, figure 2B). More patients in the 
S-1 group achieved disease control (ie, a complete or 
partial response, or stable disease) than did those in the 
placebo group: 96 (43%, 95% CI 37–50) patients achieved 
disease control in the S-1 group, as did 27 (24%, 17–33) in 
the placebo group (p=0·001; table 2). Median time to 

progression was 2·6 months (95% CI 2·6–2·8) in the 
S-1 group and 1·4 months (1·3–2·3) in the placebo 
group (HR 0·59, 95% CI 0·46–0·76; p<0·0001). Median 
time to treatment failure was 3·5 months (95% CI 
2·4–3·9) in the S-1 group and 2·0 months (1·0–2·3) in 
the placebo group (HR 0·63, 95% CI 0·50–0·80; 
p=0·0001). The sensitivity analysis for overall survival 
also showed no significant difference between groups 
(stratified log-rank p=0·25). Subgroup analysis 
suggested that efficacy of S-1 on overall survival depends 
on patient characteristics. Although not significant, risk 
of death seemed to be lower for Child-Pugh A versus B 
(score 7), TNM stage III–IV versus stage I–II, and ECOG 
performance status 0 versus 1 in both treatment groups 
(appendix p 6).

A post-hoc exploratory predictive enrichment analysis 
was applied to the data from all 333 patients who received 
study drug. An enriched group was identified based on 
selected clinically relevant baseline covariates (TNM 
stage, ECOG performance status, Child-Pugh score, 
AFP, and PIVKA-II; individual enrichment scores were 
not provided). Each individual score reflected an 
anticipated average treatment difference for future 
patients who share similar baseline profiles. All patients 
were ranked based on their enrichment scores, and the 
population with a better response was identified using 
500 random cross-validations. In this case, patients in 
the top 70% by mean predicted Z score (234 of 
333 patients [155 in the S-1 group and 79 in the placebo 
group]) were selected as the enriched subgroup. In the 
enriched subgroup, risk of death was significantly lower 
in the S-1 group than in the placebo group (HR 0·72, 
95% CI 0·54– 0·97; log-rank p=0·027, appendix p 7). A 
high-response population of 219 patients was identified 
using patient mapping based on the enrichment score. 
High-response patient characteristics were Child-Pugh A 
and TNM stage III–IV, and low levels of tumour markers 
(AFP <400 ng/mL or PIVKA-II <10000 mAU/mL; 
appendix p 8). In this population, median overall survival 
was 14·0 months (95% CI 11·7–17·7) in the S-1 group and 
12·3 months (10·3–14·2) in the placebo group (HR 0·69, 
95% CI 0·51–0·93; p=0·016, figure 3).

Overall, 221 (>99%) of 222 patients in the S-1 group had 
at least one adverse event, and 205 (92%) had at least one 
adverse drug reaction. In the placebo group, 90 (81%) of 
111 patients had at least one adverse event and 
56 (50%) patients had at least one adverse drug reaction. 
Adverse events that occurred in 30% or more of 
222 patients in the S-1 group were skin hyperpigmentation 
(123 [55%]), decreased appetite (104 [47%]), fatigue 
(102 [46%]), diarrhoea (77 [35%]), and increased blood 
bilirubin (77 [35%]); these events were more common in 
the S-1 group than in the placebo group (skin 
hyperpigmentation: nine [8%] of 111 patients in the 
placebo group; decreased appetite: 21 [19%]; fatigue: 
20 [18%]; diarrhoea: 14 [13%]; and increased blood 
bilirubin 14 [13%]). Grade 3 or higher adverse events that 

Figure 2: Kaplan-Meier curves
(A) Overall survival of the full analysis set. (B) Progression-free survival of the full analysis set. 
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Number at risk
(number censored)

S-1
Placebo

Median overall survival (95% CI): S-1, 11·1 (9·7–13·1);
placebo, 11·2 (9·2–12·8)
Hazard ratio (95% CI): 0·86 (0·67–1·10); p=0·220

222 (0)
111 (0)

3 (36)
0 (11)

7 (32)
2 (9)

18 (23)
   7 (6)

34 (15)
15 (6)

73 (0)
29 (0)

103 (0)
52 (0)

158 (0)
78 (0)

2 (37)
0 (11)

Number at risk
(number censored)

S-1
Placebo

222 (0)
111 (0)

3 (38)
0 (19)

4 (37)
0 (19)

6 (36)
0 (19)

8 (36)
2 (18)

26 (34)
4 (18)

2 (39)
0 (19)

A

B

S-1
Placebo

S-1 group (n=222) Placebo group (n=111)

Complete response 0 0

Partial response 12 (5%) 1 (<1%)

Stable disease 84 (38%) 26 (23%)

Progressive disease 107 (48%) 74 (67%)

Not assessable 19 (9%) 10 (9%)

Data are n (%).

Table 2: Best tumour response 
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occurred in 10% or more of patients in the S-1 group 
were decreased neutrophil count, decreased lymphocyte 
count, decreased white blood cell count, increased blood 
bilirubin, and decreased platelet count (table 3).

114 of 333 patients had 186 serious adverse events. Of 
these, 90 (41%) of 222 patients receiving S-1 had a total of 
154 events, and 24 (22%) of 111 patients receiving placebo 
had a total of 32 events. Of the serious adverse events in 
the S-1 group, 60 events that occurred in 43 patients were 
considered adverse drug reactions by the investigator. The 
most common serious adverse events in the S-1 group 
were ascites (n=15), hepatic failure (n=8), bone fracture 
(n=8), oesophageal varices haemorrhage (n=7), and 
pleural effusion (n=7). Dose reductions and interruptions 
were higher in the S-1 group than in the placebo group. 
Adverse events leading to dose interruption during 
administration within any cycle occurred in 108 (49%) of 
222 patients and adverse events leading to rest period 
extension occurred in 80 (36%) of 222 patients in the S-1 
group. Adverse events that led to dose reduction during 
administration within any cycle occurred in 22 (10%) of 
222 patients, and adverse events that led to dose reduction 
from the subsequent cycle occurred in 53 (24%) of 
222 patients in the S-1 group (appendix p 10). Study drug 
was discontinued due to adverse events in 41 (19%) of the 
213 patients who had discontinued the study treatment by 
the time of data cutoff in the S-1 group. Overall, 
five treatment-related deaths were reported in the 
S-1 group; two were early deaths (deaths that occurred 
within 60 days of starting the treatment); causes of 
treatment-related early death were decreased white blood 
cell count, pneumonia, and disseminated intra vascular 
coagulation in one patient; and hepatic failure in a second 
patient. Other causes of treatment-related death were 
pneumonitis, ascites or increased blood bilirubin, and 
acute respiratory distress syndrome. Of the adverse events 
considered by the investigators to cause death, hepatic 
failure and ascites or increased blood bilirubin were 
considered by the sponsor to be caused by aggravation of 
primary disease or hepatic cirrhosis, and unrelated to S-1.

Discussion
S-1 was not superior to placebo in prolonging overall 
survival in patients with sorafenib-refractory advanced 
hepatocellular carcinoma. However, patients treated with 
S-1 showed significantly longer progression-free survival 
than those treated with placebo.

There are a number of potential explanations for there 
being no difference in overall survival between groups. 
Median overall survival in the placebo group in this 
study (11·2 months) was longer than that in other 
phase 3 trials of targeted second-line treatment after 
sorafenib (7·8 months for regorafenib,7 8·2 months for 
brivanib,4 7·3 months for everolimus,5 and 7·6 months 
for ramucirumab6). In this study, a third of the patients 
had poor tolerance to sorafenib, reflecting patient 
background. Moreover, the proportion of patients in 

this study who had good performance status (ECOG 
performance status 0) or early to intermediate tumour 
stage (BCLC stage A or B) was also higher than those of 
other studies. As a result, our group of patients might be 
considered to have had fairly favourable prognoses; their 
ability to receive local-regional therapy such as TA(C)E as 
a post-study treatment could have contributed to the 
outcome. Furthermore, the high quality of supportive 
care for patients with advanced hepatocellular carcinoma 
in Japan might also have been a contributor to favourable 
outcome. Local-regional therapy is often used, especially 
in Japan, as a post-trial treatment when patients maintain 
general condition and hepatic function, as control of 
intrahepatic lesions is an important prognostic factor 
even in patients with advanced hepatocellular carcinoma 
who have extrahepatic metastasis.17 In general, overall 
survival is the sum of progression-free survival and 
post-progression survival, thus even significant 
differences in progression-free survival can be cancelled 
out if post-progression survival is prolonged.18 Indeed, 
overall survival has been shown to have a stronger 
association with post-progression survival than 
progression-free survival in a clinical study for advanced 
hepatocellular carcinoma.19 Similarly, prolonged post-
progression survival might have made it difficult for a 
difference in progression-free survival to translate into a 
difference in overall survival in this study.

Half of the patients in the S-1 group received post-study 
treatment, compared with more than three-quarters of 
those in the placebo group. This difference might also 
have affected the outcome of this study. Disease 
heterogeneity, which makes enrolling a uniform patient 
population difficult despite stringent inclusion and 
exclusion criteria, might also be a confounding factor in 
this study. General health, tumour stage, and liver 
function are prognostic factors for patients with advanced 
hepatocellular carcinoma, making the assessment of 
drug efficacy complex for this type of cancer. Moreover, 
patients who discontinued sorafenib treatment due to 

Figure 3: Kaplan-Meier curve for overall survival in the exploratory high-response population
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adverse drug reactions, and not just those who were 
refractory to sorafenib, as in the RESORCE trial,7 were 
eligible for our study. Furthermore, subgroup analyses 
suggested that the efficacy of S-1 may vary depending on 
different patient characteristics, which might be a major 
factor that contributed to the outcome of this study.

To address potential variation in drug efficacy based on 
patient characteristics, a predictive enrichment strategy 
was used to identify a population that might benefit 
from S-1 (potential high-response population). Such 
enrichment strategies have recently been put forward by 
the FDA.14 In the enriched and high-response 
populations, S-1 significantly improved overall survival 
compared with placebo. Results also suggested that 
Child-Pugh class, TNM stage, and tumour marker levels 
were important efficacy predictors of S-1 treatment. 
Showing the efficacy of chemotherapeutic agents is 
difficult in some patients with advanced hepatocellular 

carcinoma, including those with TNM stage I–II, who 
are mainly surgically treated and have long survival 
durations;16,20 those with Child-Pugh B or C, who have 
liver dysfunction and for whom death from cirrhosis 
could potentially mask treatment-related antitumour 
efficacy;21 and those with highly malignant hepatocellular 
carcinoma, who typically have extremely high tumour 
marker (AFP and PIVKA-II) levels.22

Results of this study indicate that patients with TNM 
stage III–IV, Child-Pugh A, and low levels of tumour 
maker (AFP <400 ng/mL or PIVKA-II <10000 mAU/mL) 
respond well to treatment with S-1. Given that these 
indicators are easily identifiable, determining the 
appropriateness of S-1 therapy for patients with 
sorafenib-refractory advanced hepatocellular carcinoma 
is potentially feasible. However, further studies should be 
done to assess the benefit of S-1 treatment in the potential 
high-response population before this approach is adopted.

S-1 group (n=222) Placebo group (n=111)

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Haematological adverse events

Platelet count decreased 9 (4%) 15 (7%) 23 (10%) 1 (<1%) 0 2 (2%) 1 (<1%) 1 (<1%) 0 0

Haemoglobin decreased 7 (3%) 16 (7%) 17 (8%) 5 (2%) 0 2 (2%) 5 (5%) 0 0 0

White blood cell count 
decreased

2 (<1%) 16 (7%) 26 (12%) 0 1 (<1%) 0 4 (4%) 1 (<1%) 0 0

Neutrophil count decreased 1 (<1%) 13 (6%) 28 (13%) 2 (<1%) 0 0 2 (2%) 3 (3%) 0 0

Lymphocyte count decreased 0 5 (2%) 25 (11%) 4 (2%) 0 0 3 (3%) 5 (5%) 1 (<1%) 0

Non-haematological adverse events

Skin hyperpigmentation 105 (47%) 18 (8%) 0 0 0 9 (8%) 0 0 0 0

Decreased appetite 53 (24%) 36 (16%) 15 (7%) 0 0 11 (10%) 8 (7%) 2 (2%) 0 0

Fatigue 53 (24%) 34 (15%) 15 (7%) 0 0 12 (11%) 6 (5%) 2 (2%) 0 0

Blood bilirubin increased 10 (5%) 41 (18%) 23 (10%) 2 (<1%) 1 (<1%) 0 6 (5%) 6 (5%) 2 (2%) 0

Diarrhoea 52 (23%) 17 (8%) 8 (4%) 0 0 10 (9%) 3 (3%) 1 (<1%) 0 0

Peripheral oedema 40 (18%) 25 (11%) 1 (<1%) 0 0 8 (7%) 4 (4%) 1 (<1%) 0 0

Ascites 9 (4%) 42 (19%) 12 (5%) 0 1 (<1%) 1 (<1%) 4 (4%) 7 (6%) 0 0

Nausea 48 (22%) 12 (5%) 1 (<1%) 0 0 10 (9%) 3 (3%) 0 0 0

Stomatitis 29 (13%) 18 (8%) 1 (<1%) 0 0 9 (8%) 0 0 0 0

Exfoliative rash 28 (13%) 16 (7%) 3 (1%) 0 0 8 (7%) 5 (5%) 0 0 0

Vomiting 28 (13%) 11 (5%) 2 (<1%) 0 0 6 (5%) 1 (<1%) 0 0 0

Pruritus 31 (14%) 5 (2%) 1 (<1%) 0 0 4 (4%) 0 0 0 0

Blood albumin decreased 3 (1%) 27 (12%) 6 (3%) 0 0 2 (2%) 8 (7%) 1 (<1%) 0 0

Epistaxis 34 (15%) 1 (<1%) 1 (<1%) 0 0 3 (3%) 0 0 0 0

Upper respiratory tract 
infection

21 (9%) 14 (6%) 1 (<1%) 0 0 13 (12%) 4 (4%) 0 0 0

Constipation 26 (12%) 7 (3%) 2 (<1%) 0 0 8 (7%) 2 (2%) 0 0 0

Pyrexia 26 (12%) 5 (2%) 0 0 0 9 (8%) 1 (<1%) 0 0 0

Dysgeusia 22 (10%) 8 (4%) 0 0 0 4 (4%) 1 (<1%) 0 0 0

Lacrimation increased 16 (7%) 8 (4%) 2 (<1%) 0 0 1 (<1%) 0 0 0 0

Abdominal pain 16 (7%) 8 (4%) 2 (<1%) 0 0 5 (5%) 7 (6%) 1 (<1%) 0 0

Aspartate aminotransferase 
increased

2 (<1%) 5 (2%) 19 (9%) 0 0 1 (<1%) 3 (3%) 11 (10%) 0 0

Pleural effusion 6 (3%) 11 (5%) 6 (3%) 0 0 2 (2%) 0 1 (<1%) 0 0

Data are from the safety analysis set. Data are n (%).

Table 3: Safety summary of events occurring in 10% or more of patients by grade
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The RESORCE study7 differs from other second-line 
setting studies, including this study, that have negative 
outcomes, in that only RESORCE has excluded patients 
intolerant of sorafenib.4–7 This exclusion might have 
minimised the effect of post-study treatment and reduced 
the heterogeneity of the enrolled patients. As a result, 
regorafenib showed significant improvement in terms of 
overall survival compared with placebo. Together with our 
exploratory analysis, it seems that focused patient selection 
is likely to be an important factor for clinical development 
of treatments for advanced hepatocellular carcinoma. 

The safety profile of S-1 differs from targeted therapies 
such as sorafenib and regorafenib. These targeted 
therapies are associated with skin toxicity and hyper-
tension,7,23 whereas treatment with S-1 was associated with 
bone marrow and gastrointestinal toxicity. The skin 
toxicity of S-1–such as hyperpigmentation–was mild, and 
different from hand-foot skin reaction, which is known as 
a major adverse event related to sorafenib. In this study, 
most S-1-related adverse events were controlled by dose 
reduction, interruption, or discontinuation. Fewer 
patients discontinued treatment because of adverse drug 
reaction in our study than in studies assessing other 
treatments.4 In fact, median treatment duration was 
longer than median progression-free survival or time to 
progression in this study, suggesting that toxicity of S-1 
was not a major issue. The timing of discontinuation of 
study treatment depended on investigators, whereas 
progression-free survival was based on centralised tumour 
assessment, which can be considered the reason for the 
median duration of treatment being longer than median 
progression-free survival in this study. 

Since patients with advanced hepatocellular carcinoma 
have decreased liver function because of the presence of 
hepatic complications such as hepatitis and liver 
cirrhosis,24 and since S-1 is metabolised in the liver,25 
S-1 treatment was predicted to be associated with high 
rates of adverse events.26 In this study, although rates of 
all grade adverse events and grade 3 or greater adverse 
events (ie, bone marrow and gastrointestinal toxicity, and 
toxicity related to liver function) were slightly higher, the 
safety profile of S-1 in this study is similar to that reported 
in previous studies for other cancers in Asia.27–30 
Continuous administration of S-1 treatment is feasible by 
appropriate intervention including dose reduction 
and interruption in patients with sorafenib-refractory 
advanced hepatocellular carcinoma. However, attention 
should be paid to patients with advanced liver dysfunction 
and vascular invasion, since grade 3 or higher bone 
marrow toxicity and toxicity associated with liver function 
occur more often in patients with Child-Pugh B and 
portal venous invasion at the first portal branch (Vp3). 
One death related to bone marrow suppression and one 
due to pneumonitis were observed in this study. Although 
these adverse reactions were known to be associated with 
S-1, caution should be taken in administration of S-1 to 
patients with advanced hepatocellular carcinoma.

Given that the RESORCE study excluded patients 
intolerant to sorafenib, such patients represent an unmet 
medical need. Although we did not demonstrate 
superiority of S-1 over placebo in terms of overall survival 
in patients with advanced hepatocellular carcinoma that 
was refractory to sorafenib (ie, patients who had 
progressed while on sorafenib, or who discontinued 
sorafenib because of adverse events), there was 
significantly longer progression-free survival with S-1 than 
with placebo, and we identified a potential high-response 
population by use of a predictive enrichment approach.

Our study suggests that S-1 might be a treatment option 
for selected sorafenib-intolerant patients, although further 
investigation and validation are needed.
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Chronic Fibro-Inflammatory Responses in Autoimmune
Pancreatitis Depend on IFN-a and IL-33 Produced by
Plasmacytoid Dendritic Cells

Tomohiro Watanabe,*,† Kouhei Yamashita,‡ Yasuyuki Arai,‡ Kosuke Minaga,*

Ken Kamata,* Tomoyuki Nagai,* Yoriaki Komeda,* Mamoru Takenaka,*

Satoru Hagiwara,* Hiroshi Ida,* Toshiharu Sakurai,* Naoshi Nishida,* Warren Strober,†

and Masatoshi Kudo*

In previous studies, we found that human IgG4-related autoimmune pancreatitis (AIP) and murine AIP are driven by activation of

plasmacytoid dendritic cells (pDCs) producing IFN-a. In the present studies we examined additional roles of pDC-related

mechanisms in AIP pathogenesis, particularly those responsible for induction of fibrosis. We found that in murine AIP (MRL/

Mp mice treated with polyinosinic-polycytidylic acid) not only the pancreatic infiltration of immune cells but also the development

of fibrosis were markedly reduced by the depletion of pDCs or blockade of type I IFN signaling; moreover, such treatment was

accompanied by a marked reduction of pancreatic expression of IL-33. Conversely, polyinosinic-polycytidylic acid–induced

inflamed pancreatic tissue in murine AIP exhibited increased expression of type I IFNs and IL-33 (and downstream IL-33

cytokines such as IL-13 and TGF-b1). pDCs stimulated by type I IFN were the source of the IL-33 because purified populations

of these cells isolated from the inflamed pancreas produced a large amount of IL-33 upon activation by TLR9 ligands, and such

production was abrogated by the neutralization of type I IFN. The role of IL-33 in murine AIP pathogenesis was surprisingly

important because blockade of IL-33 signaling by anti-ST2 Ab attenuated both pancreatic inflammation and accompanying

fibrosis. Finally, whereas patients with both conventional pancreatitis and IgG4-related AIP exhibited increased numbers of

acinar cells expressing IL-33, only the latter also exhibited pDCs producing this cytokine. These data thus suggest that pDCs

producing IFN-a and IL-33 play a pivotal role in the chronic fibro-inflammatory responses underlying murine AIP and human

IgG4-related AIP. The Journal of Immunology, 2017, 198: 3886–3896.

C
linicopathological analysis of autoimmune pancreatitis
(AIP) as well as other inflammations often accompanying
AIP such as sialadenitis or autoimmune cholangitis has

established that these diseases are organ-specific manifestations of
a systemic autoimmune fibroinflammatory disorder that can affect

many organs, sometimes simultaneously. These inflammations are
now called IgG4-related diseases (IgG4-RD) because the inflam-
mation is in each case marked by the presence of elevated serum
levels of IgG4 as well as a massive infiltration of affected organs
with IgG4-expressing plasmacytes (1–4). Additionally, these in-
flammations are characterized by the presence of storiform fibrosis
and, in some cases, obliterative phlebitis (1–4).
Despite the fact that elevated levels of serum IgG4 and infil-

tration of IgG4-expressing plasmacytes in affected organs are
diagnostic of IgG4-RD, the pathophysiological role of this Ig
subtype is poorly understood. One possibility is that the presence of
IgG4 in IgG4-RD inflammations is an epiphenomenon of the
unique fibro-inflammatory response characterizing this disease
rather than its cause because this Ig subtype has only a limited
ability to bind to complement and Fcg receptors (5). This idea is
favored by studies showing that IgG1, but not IgG4, purified from
serum of patients with IgG4-RD causes pancreatic injury upon
injection into neonatal mice (6). Contrary evidence, however,
comes from studies showing that autoantigen-specific IgG4 Abs
have been identified as a cause of small vessel vasculitis and
membranous nephropathy (7, 8); it thus remains possible that
IgG4 is playing a pathologic role in at least some of the mani-
festations of IgG4-RD.
One major line of investigation of IgG4-RD pathogenesis has

been studies of T cell cytokine responses focusing quite logically
on Th2 cytokines that might enhance B cell production of IgG4,
such as IL-4, IL-10, and IL-13 (9–12). These studies disclosed
an increased accumulation of Th2 cells or regulatory T cells
producing IL-4, IL-10, and IL-13 in the peripheral blood and
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affected organs of patients with IgG4-RD (13, 14). Perhaps more
importantly, they showed that there was a positive correlation
between circulating numbers of T follicular helper 2 cells and
serum levels of IgG4 in these patients (15). These findings thus
suggested that various T cells generated during an abnormal
adaptive immune response contribute to the pathogenesis of
IgG4-RD; however, it remained possible that the development of
these T cells is secondary to a more fundamental innate immune
defect.
Initial evidence for the latter came from studies in which we

showed that B cells can be induced to produce IgG4 by APCs
activated by TLRs or nucleotide-binding oligomerization domain
(NOD)–like receptor ligands (16, 17). Additionally, we showed
that monocytes, basophils, and plasmacytoid dendritic cells
(pDCs) isolated from patients with IgG4-RD enhance IgG4 pro-
duction by B cells from healthy controls in a T cell–independent
manner (16–18). These studies therefore showed that innate cell
abnormalities could account for increased IgG4 production in
IgG4-RD.
Further and more convincing evidence that innate cells partic-

ipate in the pathogenesis of IgG4-RD came from studies of a
murine model of AIP, that is, MRL/Mp mice treated with repeated
injections of polyinosinic-polycytidylic acid [poly(I:C)] (19, 20).
Such mice exhibit similar pathological findings to human IgG4-
related AIP such as massive infiltration of immune cells, de-
struction of pancreas acinar architecture, and fibrosis. Utilizing
this murine model of AIP, we found that the development of AIP
is accompanied by pancreatic accumulation of pDCs producing
IFN-a and that the development of AIP is markedly attenuated by
the depletion of pDCs or the blockade of IFN-a signaling (18). In
accordance with these murine studies, we also showed that pDCs
isolated from patients with IgG4-RD enhance IgG4 production by
B cells from healthy controls in an IFN-a–dependent manner.
Thus, these studies provide strong evidence that both murine AIP
and human IgG4-related AIP are characterized by activation of
pDCs producing IFN-a.
Although pancreatic fibrosis, especially storiform fibrosis, is

one of the typical pathological findings of human IgG4-related
AIP (1–4), the molecular mechanisms leading to the develop-
ment of such fibrosis have not been fully understood. One
possibility is that it involves the secretion of IL-33, a cytokine
produced by nonhematopoietic cells that has been shown to
induce hepatic and intestinal fibrosis through its ability to pro-
mote the production of profibrogenic mediators such as IL-13
and TGF-b1 (21–23). In line with these findings, we recently
reported that IL-33 secretion by pancreatic acinar cells under
the influence of type I IFN plays an important role in the de-
velopment of pancreatic fibrosis occurring in a model of con-
ventional pancreatitis (24, 25). These findings led us in the
present studies to explore the possibility that IL-33 production
plays a key role in the pathogenesis of IgG4-related AIP, par-
ticularly that relating to fibrosis. In this study, we provide the
evidence that chronic fibro-inflammatory responses in human
IgG4-related AIP and murine AIP are mediated by pDCs pro-
ducing both IFN-a and IL-33.

Materials and Methods
Induction of AIP in MRL/Mp mice

Female MRL/Mp mice were purchased from Japan SLC (Shizuoka, Japan)
and reared at the Kyoto University animal facility under specific pathogen-
free conditions. The ethical permission of this study was obtained by the
Review Boards of Kyoto University Graduate School of Medicine and
Kindai University Faculty of Medicine. Female MRL/Mp mice at 6 wk old
were treated with an i.p. injection of poly(I:C) (100 mg; InvivoGen, San

Diego, CA) twice a week for a total of 14 or 16 times to induce experi-
mental AIP as previously described (18). To deplete pDCs and to neu-
tralize type I IFN–mediated signaling pathways, mice were treated with Ab
against bone marrow stromal cell Ag 2 (100 mg, 120G8; Dendritics, Lyon,
France) and Ab against type I IFN receptor (IFNAR; 100 mg; BD Bio-
sciences, San Jose, CA) prior to each poly(I:C) injection (18). Addition-
ally, mice were treated with Ab against IL-33 receptor, ST2 (100 mg; R&D
Systems, Minneapolis, MN), to neutralize IL-33–mediated signaling
pathways prior to each poly(I:C) injection (24). Mice treated with rat IgG
(100 mg; Sigma-Aldrich, St. Louis, MO) or mouse IgG (100 mg; Sigma-
Aldrich) were used as control mice. Pancreatic levels of hydroxyproline
were determined by the hydroxyproline assay kit (QuickZyme Biosci-
ences, Leiden, the Netherlands) (24).

Histology, immunohistochemical, and immunofluorescence
analysis

Pancreatic samples obtained from MRL/Mp mice treated with poly(I:C)
were subjected to fixation with 10% formalin followed by H&E staining.
Pathological assessment was performed by using a scoring system for AIP
as previously described (18–20). Pancreas inflammation was scored as
follows: 0, pancreas without mononuclear cell infiltration; 1, mononuclear
cell aggregation and/or infiltration within the interstitium with no paren-
chymal destruction; 2, focal parenchymal destruction with mononuclear
cell infiltration; 3, diffuse parenchymal destruction but some intact pa-
renchymal areas retained; 4, almost all pancreatic tissue, except the pan-
creatic islets, destroyed or replaced with fibrosis or adipose tissue
(18–20). Immunofluorescence staining was performed using anti–pDC
Ag (PDCA)-1 Ab (eBioscience, San Diego, CA) and anti–IL-33 Ab
(Abcam, Cambridge, MA) followed by incubation with Alexa Fluor
488– or 546–conjugated anti-rat or anti-mouse IgG (Life Technologies,
Carlsbad, CA). For visualization of pancreatic fibrosis, anti–IL-33 Ab
(Abcam), anti-fibronectin Ab (Abcam), and anti–smooth muscle actin
(SMA) Ab (Abcam) were used as primary Abs as previously described
(24). Sirius red staining was performed using a picrosirius red stain kit
(Polysciences, Warrington, PA). At least two immunofluorescence and
immunohistochemical images were taken by microscopy (Biozero,
BZ-8100; Keyence, Osaka, Japan) from each slide. Positive areas were
calculated by using hybrid cell count software (Keyence) according to
the manufacturer’s protocol.

ELISA

Protein concentrations of cytokines were determined by ELISA. Concen-
trations of IFN-a and IFN-b were determined by ELISA kits from R&D
Systems. Concentrations of IL-13 and IL-33 were determined by ELISA
kits from eBioscience. Concentration of TGF-b1 was determined by an
ELISA kit from Promega (Madison, WI).

Isolation of pancreatic mononuclear cells and flow cytometric
analysis

Pancreatic mononuclear cells (PMNCs) were isolated from the pancreas of
MRL/Mp mice treated with poly(I:C) as previously described (18). PMNCs
were stained with FITC, PE, or allophycocyanin-conjugated B220 Ab
(eBioscience), PDCA-1 Ab (eBioscience), Gr-1 Ab (eBioscience), CD3
Ab (eBioscience), and CD11b Ab (BD Biosciences) and then subjected to
flow cytometric analysis by using an Accuri C6 flow cytometer (BD
Biosciences) and CFlow Plus software (BD Biosciences). In some exper-
iments, pDCs were isolated from PMNCs using a mouse pDC isolation kit
(Miltenyi Biotec, Auburn, CA). The purity of this method was .90%
when pDCs were defined as B220lowPDCA-1+ cells (18). Whole PMNCs,
pancreatic pDCs, and pDC-depleted cell fractions (1 3 106/ml) were
stimulated with poly(I:C) (25 mg/ml) and/or CpG (1 mM; InvivoGen) for
48 h for measurement of the production of IFN-a, IFN-b, and IL-33.

Immunofluorescence staining of human pancreas tissue

Paraffin-embedded pancreatic tissue samples resected from patients with
IgG4-related AIP (n = 5), patients with chronic alcoholic pancreatitis
(n = 5), and patients with pancreatic cancer (n = 5) were prepared as
previously described (18). Noncancerous portions of pancreas tissue from
patients with pancreatic cancer were used as controls. Ethical permission
for this study was obtained by the Review Boards of Kyoto University
Graduate School of Medicine and Kindai University Faculty of Medicine.
Immunofluorescence staining was performed by using anti–IL-33 Ab
(Abcam), anti-amylase Ab (Abcam), and anti–blood DC Ag (BDCA)2 Ab
(Miltenyi Biotec) followed by incubation with Alexa Fluor 488– or 546–
conjugated anti-rabbit or anti-mouse IgG (Life Technologies).

The Journal of Immunology 3887

 by guest on N
ovem

ber 19, 2018
http://w

w
w

.jim
m

unol.org/
D

ow
nloaded from

 

－274－



Statistical analysis

A Student t test was used to evaluate the significance of the differences.
Statistical analysis was performed with Prism (GraphPad Software, La
Jolla, CA). A p value ,0.05 was regarded as statistically significant.

Results
MRL/Mp mice subjected to repeated administration of
poly(I:C) develop AIP accompanied by fibrosis

To elucidate the molecular mechanisms accounting for the de-
velopment of pancreatic inflammation and accompanying fibrosis
in AIP, we used a well-established animal model of human IgG4-
related AIP consisting of MRL/Mp mice treated with i.p. injections
of poly(I:C) (see Materials and Methods). As shown in previous
studies and mentioned in the Introduction, such mice develop a
pancreatitis similar to that in human IgG4-related AIP (18, 26).
In initial studies we focused on the development of pancreatic

fibrosis in MRL/Mp mice with AIP on the assumption that elu-
cidation of this feature of AIP would disclose new innate mech-
anisms relating to AIP pathogenesis. Accordingly, we treated mice
with i.p. injection of poly(I:C) and after the 16th injection harvested
pancreatic tissue to measure collagen deposition and activation of
pancreatic satellite cells (PSCs) by sirius red and a-SMA staining,
respectively (24, 27). Upon pathological inspection as well as
semiquantitative assessment of the extent of stained areas, the
pancreatic tissues of poly(I:C)-treated MLR/Mp mice were quite
positive for sirius red or a-SMA staining, whereas tissues of un-
treated MRL/Mp mice were more or less negative (Fig. 1A, 1B).
Additionally, repeated injection of poly(I:C) led to a marked in-
crease in pancreatic tissue expression of collagen as assessed by
the measurement of hydroxyproline as well as areas positive for
fibronectin, a prototypical extracellular matrix protein associated
with fibrosis (24) (Fig. 1A, 1B). These immunohistochemical and
biochemical analyses show that the pancreatitis in MRL/Mp mice
treated with repeated injections of poly(I:C) is accompanied by
severe fibrosis.

Pancreatic fibrosis in MRL/Mp mice depends on the activation
of pDCs

In further studies we sought evidence that fibrosis in AIP of poly(I:
C)-treated MRL/Mp mice noted above is an integral part of the
inflammatory program associated with AIP in this model and is
therefore likely to be caused by the activation of pDCs and their
production of type I IFNs shown previously to drive this experi-
mental AIP (18). In this study, we took advantage of the fact that
in previous studies we showed that administration of a pDC-
depleting Ab (120G8 Ab) or neutralization of type I IFN signal-
ing pathways by an IFNAR Ab to poly(I:C)-treated MRL/Mp mice
efficiently prevented the development of the AIP-associated in-
flammatory changes in the pancreas of these mice (18). Thus,
these previous findings allowed us to determine in the current
study whether prevention of AIP-related inflammatory changes
caused by accumulation of pDCs also affects the development of
pancreatic fibrosis.
In initial studies along these lines we administered 120G8 Ab to

poly(I:C)-treated MRL/Mp mice to prevent pDC accumulation into
the pancreas. The specificity of this Ab for pDCs has been
established in previous studies (28) as well as in current studies
evaluating the effect of such administration on various cell types.
As shown in Supplemental Fig. 1, flow cytometric studies of
pancreatic cells from poly(I:C)-treated mice confirmed that ad-
ministration of 120G8 Ab results in a greatly decreased percent-
age of B220lowPDCA-1+ cells (pDCs), but no significant change in
the percentage of CD3+ T cells, B220+ B cells, Gr-1+ gran-

ulocytes, or CD11b+ myeloid cells as compared with adminis-
tration of control Ab. The distant possibility that such treatment
can also target conventional CD11chi DCs producing type I IFN
does not detract from the fact that its main target is pDCs pro-
ducing this cytokine. We found that administration of 120G8 Ab
prevented the development of AIP-associated pancreatic in-
flammation as well as the development of pancreatic fibrosis in
poly(I:C)-treated MRL/Mp mice, with the latter assessed by
tissue staining with sirius red, a-SMA, and fibronectin (Fig. 2A).
In parallel studies we found that the administration of an
IFNAR-blocking Ab also prevented the development of pan-
creatic fibrosis (Fig. 2B). Taken together, these data strongly
suggest that the development of pancreatic fibrosis in this ex-
perimental model of AIP and accompanying fibrosis is part of the
inflammatory program underlying pancreatitis in this model and,
as such, depends on type I IFN signaling pathways initiated by
pDC activation.

Pancreatitis in MRL/Mp mice with AIP is associated with
increased levels of type I IFNs and IL-33

In previous studies we established a model of pancreatitis
reflecting patients with non–autoimmune chronic pancreatitis
(i.e., conventional pancreatitis) in which mice are subjected to
repeated administration of cerulein (cholecystokinin receptor
[CCKR] agonist) and NOD1 ligand, FK156, or FK565 (24, 25,
29). Using this model we showed that type I IFN signaling
pathways mediate both pancreatic inflammation and fibrosis
through induction of IL-33, IL-13, and TGF-b1. We therefore
hypothesized that type I IFNs derived from pDCs in MRL/Mp
mice with AIP also cause inflammation and fibrosis in this
model via a related cytokine mechanism.
To investigate this possibility we first determined whether AIP

(and fibrosis) in MRL/Mp mice is accompanied by increased levels
of type I IFNs as predicted in the pDC depletion studies or IFNAR
blockade studies noted above and in a previous study (18), and this,
in turn, is accompanied by increased expression of IL-33, IL-13,
and TGF-b1. Indeed, pancreatic expression of both IFN-a and
IFN-b as assessed by ELISA was markedly increased upon re-
peated injection of poly(I:C), and this increase was parallel to an
increase in the expression of IL-33, IL-13, and TGF-b1 (Fig. 1A,
1C). Moreover, depletion of pDCs as well as blockade of IFNAR
in MRL/Mp mice were accompanied by a marked reduction in
IL-33 expression that occurred along with a reduction in pancre-
atic fibrosis (Fig. 2). These data therefore show that pancreatic
inflammation and fibrosis in MRL/Mp mice with AIP are in fact
accompanied by enhanced expression of cytokines previously
associated with pancreatic inflammation in a model of conven-
tional chronic pancreatitis.

Type I IFN–stimulated pDCs in MRL/Mp mice with AIP
produce IL-33

In our previous report noted above, in which conventional pan-
creatitis induced by repeated administration of CCKR agonist and
NOD1 ligand was studied, we showed that IL-33 in this model is
produced by pancreatic acinar cells (24, 25). To determine
whether acinar cells expressing amylase were also the source of
IL-33 in MRL/Mp mice with AIP, we stained the inflamed
pancreatic tissue with Abs to detect IL-33 in cells expressing
either amylase or a-SMA (the latter PSCs) and found no dual
staining cells (data not shown). We thus concluded that neither
acinar cells nor PSCs were cellular sources of IL-33 in MRL/Mp
mice with AIP.
Based on these data, we hypothesized that a pancreatic hema-

topoietic cell was the source of IL-33 production. To investigate
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this idea, PMNCs were isolated from poly(I:C)-treated or untreated
MRL/Mp mice and then stimulated with poly(I:C) and/or CpG

in vitro. PMNCs fromMRL/Mp mice treated with poly(I:C) in vivo

produced greatly increased amounts of type I IFNs upon in vitro

stimulation with poly(I:C) and/or CpG as compared with mice

without in vivo treatment (Fig. 3A). In contrast, whereas these

PMNCs produced increased amounts of IL-33 upon stimulation

with CpG, they did not produce increased amounts of IL-33 upon

stimulation with poly(I:C) (Fig. 3A); this is presumably because

pDCs do not express the receptor for poly(I:C), TLR3 (30, 31). In

related studies we found that IL-33 production by PMNCs from

treated mice was greatly diminished by the addition of anti-

IFNAR Ab to the culture (Fig. 3B).
In further studies addressing the source of the IL-33, we obtained

pDC-enriched and pDC-depleted cell populations from the PMNCs

by MACS sorting (enriched cells containing .90% pure pDCs by

flow cytometry, data not shown) and then stimulated these cell

populations with poly(I:C) and/or CpG. As expected from the

studies described above, the purified pDC populations exhibited

both robust IFN-a and IL-33 production upon stimulation with

CpG but not poly(I:C), whereas the PMNCs depleted of pDCs
exhibited markedly diminished IFN-a and IL-33 production upon
stimulation with both stimulants (Fig. 3C).
In a final series of studies on the cellular origin of IL-33 in AIP,

we performed dual immunofluorescence analysis of inflamed
pancreatic tissue and found that most pancreatic pDCs expressing
PDCA-1, a specific pDC marker, were positive for IL-33 staining
(Fig. 3D). Taken together, these data provided evidence that pDC
cell populations in the inflamed pancreas of poly(I:C)-treated
MRL/Mp mice are not only the source of the IL-33, but also
that such IL-33 production is dependent on type I IFN production
by the pDCs.

Pancreatic inflammation and fibrosis in murine AIP depends on
secretion of IL-33

Having shown that IL-33 secretion and other profibrotic cytokines
occur in MRL/Mp mice with AIP in a type I IFN–dependent
manner, we next wanted to determine the role of IL-33 in the
development of both inflammation and fibrosis in the AIP. To this
end, MRL/Mp mice were administered Ab against the receptor
for IL-33, ST2, to neutralize IL-33 function by blockade of its

FIGURE 1. Repeated injection of poly(I:C) induces pancreatic fibrosis in MRL/Mp mice. MRL/Mp mice (n = 5) were treated with poly(I:C) (100 mg)

twice a week for a total of 16 times. Mice were sacrificed 3 h after the last injection and pancreatic samples were prepared. Nontreated mice (n = 7) were

used as controls. (A and B) Pancreas tissues were stained with sirius red, anti–a-SMA Ab, anti-fibronectin Ab, and anti–IL-33 Ab. Representative images of

sirius red, a-SMA, fibronectin, and IL-33 staining are shown. Original magnification 3400. (A) The areas positive for sirius red, a-SMA, fibronectin, and

IL-33 staining and pancreatic levels of hydroxyproline are shown (B). (C) Concentrations of IFN-a, IFN-b, IL-33, IL-13, and TGF-b1 in the pancreas

lysates were determined by ELISA. Results are shown as mean 6 SE. **p , 0.01, as compared with nontreated mice.
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signaling pathway, as previously described (24). We found that
administration of anti-ST2 Ab (as compared with control Ab)
significantly reduced the level of inflammation in MRL/Mp mice
with AIP as assessed by H&E staining and pathology scores
(Fig. 4A). Additionally, administration of anti-ST2 Ab (as
compared with control Ab) markedly reduced the level of pan-
creatic fibrosis in MRL/Mp mice with AIP as assessed by quan-
titative hydroxyproline assay and tissue staining with a-SMA or
fibronectin (Fig. 4B–D). This reduction in pancreatic fibrosis by
administration of anti-ST2 Ab was accompanied by, and was thus
at least partially due to, reduction in the secretion of IL-13 and
TGF-b1, that is, factors previously shown to be induced by IL-33,
either directly or indirectly (24). Finally, as shown in Fig. 4E, the
cause of the reduced inflammation in MRL/Mp mice with AIP
due to the blockade of IL-33–mediated signaling pathways was
revealed in studies that showed that such blockade led to de-
creased pancreatic accumulation of pDCs defined as PDCA-1+

B220low cells (18). Such a reduction in pDC accumulation induced
by the blockade of IL-33–mediated signaling pathways might be
explained by an effect on the attenuation of pancreatic inflam-
mation rather than a specific effect on the function of pDCs because
administration of ST2 Ab in the model of chronic pancreatitis re-
sults in greatly reduced amounts of proinflammatory cytokine
production, including reduction in IL-6, TNF-a, and MCP-1 as
shown in previous studies (24).
Taken together, these data suggest that murine experimental AIP

is characterized by pDC-mediated type I IFN production followed
by the secretion of proinflammatory and/or profibrotic cytokines
such as IL-33, IL-13, and TGF-b1 and that IL-33 is a potent in-

ducer of both pancreatic inflammation and pancreatic fibrosis as in
the case of experimental chronic pancreatitis induced by CCKR
and NOD1 agonists (24).

Pancreatic acinar cells expressing IL-33 are increased in
human chronic pancreatitis and IgG4-related AIP

Having identified the profibrogenic and proinflammatory properties
of IL-33 in murine AIP, we assessed the expression of this cytokine
in human pancreatic diseases. These studies were facilitated by
access to surgical pancreatic specimens obtained from patients with
chronic alcoholic pancreatitis (n = 3) and human IgG4-related AIP
(n = 3) as well as from one control patient as previously described
(18). In baseline studies of levels of fibrosis we found that tissue
specimens from patients with both forms of pancreatitis exhibited
considerable but equivalent levels of fibrosis as assessed by
a-SMA staining (Fig. 5A). In contrast, expression of a-SMA was
barely seen in tissue specimens from the noncancerous portions of
the pancreas with pancreatic cancer (Supplemental Fig. 2A). Thus,
human chronic pancreatitis and IgG4-related AIP generate com-
parable levels of fibrosis.
We next evaluated the expression of IL-33 in acinar cells in tissue

specimens from chronic alcoholic pancreatitis (n = 4) and IgG4-
related AIP patients (n = 4) (as well as in control tissues). We
found that most amylase+ acinar cells in specimens from both
patients with chronic pancreatitis and IgG4-related AIP were
positive for IL-33 staining (Fig. 5B), whereas pancreatic acinar
cells in tissue samples from one control patient (noncancerous
portions of the pancreatic tissue with pancreatic cancer) were
negative for IL-33 staining (Supplemental Fig. 2B). Additionally,

FIGURE 2. The development of pancreatic fibrosis depends on signaling pathways mediated by pDC-derived type I IFN. (A) MRL/Mp mice (n = 5) were

treated with the pDC-depleting Ab (120G8 Ab, 100 mg, n = 5) or control Ab (100 mg, n = 5) prior to each poly(I:C) (100 mg) injection. Mice in each group

received poly(I:C) injection twice a week for a total of 14 times. Pancreas tissues were stained with sirius red, anti–IL-33 Ab, anti–a-SMA Ab, and anti-

fibronectin Ab. Representative images of sirius red, a-SMA, fibronectin, and IL-33 staining are shown. Original magnification (left) 3400. The areas

positive for sirius red, a-SMA, fibronectin, and IL-33 staining are shown (right). (B) MRL/Mp mice (n = 5) were treated with the Ab against IFNAR

(100 mg, n = 5) or control Ab (100 mg, n = 4) prior to each poly(I:C) (100 mg) injection. Mice in each group received poly(I:C) injection twice a week for a

total of 14 times. Pancreas tissues were stained with sirius red, anti–IL-33 Ab, anti–a-SMA Ab, and anti-fibronectin Ab. Representative images of sirius red,

a-SMA, fibronectin, and IL-33 staining are shown. Original magnification (left) 3400. The areas positive for sirius red, a-SMA, fibronectin, and IL-33

staining are shown (right). Results are shown as mean 6 SE. **p , 0.01, as compared with control Ab–treated mice.
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semiquantitative enumeration of acinar cells expressing IL-33 in
these pancreatic specimens performed by counting the numbers of
amylase+IL-33+ cells, amylase+IL-332 cells, and amylase2IL-33+

cells in high-power fields (HPFs) revealed no significant differ-
ence in IL-33+ acinar cell numbers in tissues from patients with
human chronic pancreatitis and IgG4-related AIP (Fig. 5B). These
studies thus revealed that human chronic pancreatitis and IgG4-
related AIP are similar to murine chronic pancreatitis induced by
administration of CCKR agonist and NOD1 ligand mentioned
above in which pancreatic acinar cells were also found to express
IL-33; however, such acinar cells expressing IL-33 were not found
in the murine model of AIP.

pDCs expressing IL-33 accumulate in the pancreas of human
IgG4-related AIP

Finally, we focused on the expression of IL-33 in pDCs in chronic
fibro-inflammatory disorders of the pancreas, again utilizing sur-
gical pancreatic tissue specimens obtained from patients with
chronic alcoholic pancreatitis (n = 5), human IgG4-related AIP

(n = 5), and control patients (noncancerous portions of the pan-
creatic tissue from patients with pancreatic cancer, n = 5). In this
case we found accumulations of BDCA2+ pDCs in tissues from
patients with IgG4-related AIP, but not in tissues from patients
with chronic pancreatitis or controls (Fig. 6A). To verify these
tissue staining results we then performed semiquantitative enu-
meration of pDCs expressing IL-33 in these pancreatic disorders
by counting the numbers of BDCA2+IL-33+ cells, BDCA2+IL-332

cells, and BDCA22IL-33+ cells in HPFs. We found that the num-
bers of pDCs expressing IL-33, which were defined as IL-33+

BDCA2+ cells, were significantly higher in the pancreas of patients
with IgG4-related AIP, as compared with those with chronic pan-
creatitis or controls (Fig. 6B). Because pancreatic accumulation of
BDCA2+ pDCs expressing IFN-a was seen in patients with IgG4-
related AIP but not in patients with chronic pancreatitis in our
previous report (18), these data support the idea that human IgG4-
related AIP is uniquely characterized by the pancreatic infiltration
of pDCs producing both IFN-a and IL-33 and, as such, is similar to
AIP in MRL/Mp mice.

FIGURE 3. Pancreatic pDCs produce IL-33 in a type I IFN–dependent manner. MRL/Mp mice (n = 4) were treated with poly(I:C) (100 mg) twice a week

for a total of 16 times. Mice were sacrificed 3 h after the last injection and pancreatic samples were prepared. Nontreated mice (n = 4) were used as controls.

(A) PMNCs (1 3 106/ml) were stimulated with poly(I:C) (25 mg/ml) and/or CpG (1 mM) for 48 h to measure the production of IFN-a, IFN-b, and IL-33.

Results are shown as mean 6 SE. *p , 0.05, **p , 0.01, as compared with PMNCs from nontreated mice. (B) PMNCs (1 3 106/ml) isolated from poly(I:

C)-treated mice were stimulated with poly(I:C) (25 mg/ml) and/or CpG (1 mM) for 48 h to measure the production of IL-33 in the presence of anti-IFNAR

Ab (50 mg /ml) or control Ab (50 mg /ml). Results are shown as mean6 SE. *p, 0.05, **p, 0.01, as compared with control Ab–treated cells. (C) PMNCs

isolated from poly(I:C)-treated mice were separated into pDCs and a pDC-depleted fraction. Whole PMNCs (1 3 106/ml), pDCs (1 3 106/ml), and pDC-

depleted cells (1 3 106/ml) were stimulated with poly(I:C) (25 mg/ml) and/or CpG (1 mM) for 48 h to measure the production of IFN-a and IL-33. Results

are shown as mean 6 SE. *p , 0.05, **p , 0.01, as compared with whole PMNCs; #p , 0.05, ##p , 0.01, as compared with whole PMNCs. (D)

Representative images of pancreatic tissues stained with PDCA-1 and IL-33. Original magnification 31200. Pancreas tissues were stained with PDCA-1

(green) and IL-33 (red). Nuclei were counterstained with DAPI.
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Discussion
Although massive infiltration of lymphocytes and plasmacytes
accompanied by fibrosis is a well-established histological feature of

human AIP, the molecular mechanisms accounting for the devel-

opment of these chronic fibro-inflammatory effects are still poorly

understood (1, 32). In this study, we established, to our knowledge

for the first time, that IL-33 is a major proinflammatory factor in

mice with experimental AIP [MRL/Mp mice administered poly(I:

C)], particularly with respect to fibrosis formation. The various

studies leading to this conclusion consisted of the following: first,

the development of murine AIP was shown to be associated with

pancreatic infiltration of pDCs and with enhanced expression of

both type I IFNs and IL-33 (as well as profibrotic factors down-

stream of IL-33, IL-13, and TGF-b1). Second, the depletion of

pDCs in these mice by a pDC-depleting Ab (120G8 Ab) or the

blockade of type I IFN signaling by anti-IFNAR Ab led to marked

reduction in the expression of IL-33. Third, PMNCs isolated from

mice treated with poly(I:C) produced a large amount of type I IFN

and IL-33 upon stimulation with poly(I:C) and/or CpG in vitro,

and pDCs were identified as producers of these cytokines. Fourth,
such IL-33 production was dependent on type I IFN signaling
because it was blocked by the presence of anti-IFNAR Ab. Fifth,
and finally, the blockade of IL-33–mediated signaling pathways by
a neutralizing Ab against its receptor, ST2, led to a significant
reduction in pancreatic inflammation and its associated fibrosis.
These studies provide further evidence of the importance of pDCs
in the pathogenesis of murine AIP in that they show that this
cell is the origin of two major cytokines causing the fibro-
inflammatory responses, type I IFN and IL-33. Note that in par-
allel with these findings, we found that pancreatitis in human
IgG4-related AIP is also marked by infiltration of pancreatic tissue
with pDCs producing IL-33 and IFN-a (but not tissue from pa-
tients with chronic alcoholic pancreatitis). This implies that pDC
production of type I IFN and IL-33 is involved in the immuno-
pathogenesis of human IgG4-related AIP.
IL-33, the cytokine shown in this study to be produced by

pathogenic pDCs in AIP, is a member of the IL-1 family of cy-
tokines that usually resides in the nucleus of a cell bound to
chromatin and that is released into the extracellular milieu upon cell

FIGURE 4. IL-33–mediated signaling pathways are involved in the development of chronic fibro-inflammatory responses of the pancreas. MRL/Mp mice

(n = 7) were treated with anti-ST2 Ab (100 mg, n = 7) or control Ab (100 mg, n = 8) prior to each poly(I:C) (100 mg) injection. Mice in each group received

poly(I:C) injection twice a week for a total of 14 times. (A) Pancreas tissues were stained with H&E. Representative image of the pancreas (original

magnification 3400) and pathological scores of AIP are shown. (B and C) Pancreas tissues were stained with sirius red, anti–a-SMA Ab, and anti-

fibronectin Ab. Representative images of sirius red, a-SMA, and fibronectin staining are shown. Original magnification in (B) 3400. The areas positive

for sirius red, a-SMA, and fibronectin are shown (C). (D) Concentrations of hydroxyproline, IL-13, and TGF-b1 in the pancreas lysates are shown. (E)

Pancreatic accumulation of pDCs in mice treated with anti-ST2 Ab or control Ab. Representative dot plots of flow cytometric analysis. PMNCs were

stained with B220 and PDCA-1. pDCs were defined as B220lowPDCA-1+ cells and the total numbers of pDCs in each mice were determined. Results are

shown as mean 6 SE. *p , 0.05, **p , 0.01, as compared with control Ab–treated mice.
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death or, alternatively, by “unconventional” release mechanisms
(33). Acting via the ST2 receptor on a variety of cells, including
Th2 and group 2 innate lymphoid cells, it induces Th2 cytokine
responses and other proinflammatory responses (23). Indeed,
recent studies by Furukawa et al. (34) implicate the role of IL-33
as an inducer of Th2 responses in IgG4-RD. However, it also
activates Th1 responses in cytotoxic antiviral T cells (35). IL-33
has an ambiguous relationship to gut inflammation: on the one
hand, polymorphisms in the IL-33 and ST2 genes appear to be risk
factors in both Crohn disease and ulcerative colitis (36), and there
is increased IL-33 expression in ulcerative colitis tissues (37); on
the other hand, IL-33–deficient mice are more susceptible to ex-
perimental gut inflammation possibly because IL-33 is necessary
for optimal IgA responses that regulate the gut microbiome (38).
The important role of IL-33 in the pathogenesis of experimental
AIP shown in the present study, as well as in experimental mouse
conventional pancreatitis (24, 39), is not yet completely under-
stood. With respect to IL-33 involvement in the underlying AIP-
associated inflammation, IL-33 secretion could be contributing to
the production of Th2 cytokines in AIP mentioned in the Intro-
duction and in this way to the generation of autoantibodies that are
produced in this disease. As shown in our previous studies, such
autoantibodies could form immune complexes that stimulate the
formation of neutrophil extracellular traps (NETs) by neutrophils
followed by NET induction of IFN-a by pDCs (18). IL-33 can
also be more directly involved in development of the pancreatic
inflammation by its induction of Th1 cytokines that, as mentioned

above, stimulate the function of cytotoxic T cells. To these hy-
pothetical functions of IL-33 in AIP, one can add a more definite
function, the ability of IL-33 to induce various downstream cy-
tokines previously demonstrated to have profibrotic functions,
IL-13 and TGF-b1 (40, 41). This was shown by the dramatic
decrease in fibrosis in murine AIP caused by the blockade of IL-33
signaling and the accompanying downregulation of pancreatic
expression of IL-13 and TGF-b1. Thus, one of the most inter-
esting findings in this study is the identification of IL-33 as the
major mediator of fibrosis in experimental AIP and, by extension,
to human IgG4-related AIP.
The blockade of IL-33–mediated signaling pathways by ST2 Ab

led to decreased pancreatic accumulation of pDCs defined as
PDCA-1+B220low cells (Fig. 4E). Whereas in this study the
mechanism accounting for such reduction in pDC accumulation is
not addressed, in our previous study (24), we showed that
blockade of IL-33 signaling in the model of chronic pancreatitis
results in greatly reduced amounts of proinflammatory cytokine
production, including reduction in IL-6, TNF-a, and MCP-1.
Thus, the reason why pDCs are reduced with anti-ST2 Ab treat-
ment appears not to be due to a specific effect on pDCs but rather
to a global effect on the attenuation of pancreatic inflammation.
One question arising from the present study is whether IL-33

produced by pDCs enhances IgG4 production by B cells. In this
regard, Akiyama et al. (15) reported that there is no correlation
between serum levels of IL-33 and IgG4 in patients with IgG4-
RD. This study thus suggested that it is unlikely that IL-33

FIGURE 5. Pancreatic acinar cells express

IL-33 in chronic alcoholic pancreatitis and

IgG4-related AIP. (A) Surgical pancreas speci-

mens obtained from patients with chronic alco-

holic pancreatitis (n = 3) and IgG4-related AIP

(n = 3) were stained with anti–a-SMA Ab.

Representative images of a-SMA staining (top,

original magnification 3400) and the areas

positive for a-SMA staining (bottom) are shown.

(B) Surgical pancreas specimens were obtained

from patients with chronic alcoholic pancreatitis

(n = 4) and IgG4-related AIP (n = 4). Immuno-

fluorescence stainings show the presence of IL-

33–expressing acinar cells (top, original magni-

fication 31200). Pancreas tissues were stained

with anti–IL-33 Ab (green) and anti-amylase Ab

(red). Nuclei were counterstained with DAPI.

The numbers of cells positive for IL-33 and/or

amylase were counted in HPFs. Results are

shown as mean 6 SE.
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enhances IgG4 production by B cells; however, additional
studies of IL-33 effects on B cells in the presence of type I IFN
are necessary to be sure of this conclusion.
In our previous studies of an experimental model of chronic

pancreatitis induced by repeated injection of CCKR agonist, cer-
ulein, in combination with NOD1 ligand, FK156, or FK565 (24,
29), we elucidated important aspects of the molecular mechanisms
leading to the chronic fibro-inflammatory responses likely causing
non–autoimmune conventional acute and chronic pancreatitis in
humans. A key feature of this model is that initial acinar cell in-
jury caused by CCKR-induced intra-acinar cell activation of
pancreatic enzymes leads to the translocation of commensal or-
ganisms bearing NOD1 ligand into the circulation and thereby
NOD1-induced acinar cell production of type I IFN. The latter
then played a critical role in the pathogenic process by promoting
the influx of inflammatory macrophages into the pancreas and the
induction of cytotoxic cytokines that cause further acinar cell
injury and release of IL-33. As shown by the fact that the chronic
pancreatitis and associated fibrosis induced in this model are
markedly attenuated by administration of an Ab that blocks IL-33
signaling (anti-ST2 Ab), the IL-33 thus generated makes a major

contribution to the underlying pathologic responses driving the
pancreatitis. These characteristics of the murine model of con-
ventional pancreatitis are similar to those of the murine model of
AIP in poly(I:C)-treated MRL/Mp mice in that in both models a
type I IFN/IL-33 axis plays a critical role in the development of
the pancreatic inflammation; this conclusion is highlighted by the
fact that AIP is also markedly attenuated by the blockade of type I
IFN and IL-33 by anti-IFNAR and anti-ST2 Abs, respectively.
Note, however, that as discussed below, the cellular source of the
IL-33 in the two models and in the human diseases they represent
is somewhat different.
Whereas the present study identified pancreatic pDCs as the key

cellular element mediating murine experimental AIP, it did not
address the nature of the activators of pDCs in either murine or
human AIP. One possible activator already alluded to above is
NETs, which we have previously identified in the pancreas of both
murine and human AIP (18). These are web-like structures com-
posed of extracellular DNA, chromatin, and molecules derived
from neutrophil granules (42, 43) that can be induced to form in
the pancreas by neutrophil exposure to Ab–Ag complexes, pos-
sibly those composed of Ags released by the neutrophils and Abs

FIGURE 6. Pancreatic pDCs express IL-33 in

IgG4-related AIP, but not in chronic alcoholic

pancreatitis. Surgical pancreas specimens were

obtained from patients with chronic alcoholic

pancreatitis (n = 5), IgG4-related AIP (n = 5),

and pancreatic cancer (n = 5). Noncancerous

portions of the tissues from pancreas cancer

patients were used as controls (n = 5). Pancreatic

tissues were stained with anti–IL-33 Ab (green)

and anti-BDCA2 Ab (red). Pancreas tissues were

counterstained with DAPI. (A) Representative

images of immunofluorescence staining. Origi-

nal magnification 31200. (B) The numbers of

cells positive for IL-33 and/or BDCA2 were

counted in HPFs. Results are shown as mean 6
SE. ##p , 0.01, as compared with chronic al-

coholic pancreatitis; **p , 0.01, as compared

with controls.
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generated by the pathologic process (18). In support of this pos-
sibility, we have shown with in vitro studies that NETs induce
pDCs obtained from patients with human IgG4-related AIP to
produce IFN-a and stimulate pDC induction of IgG4 by cocul-
tured B cells (18). In addition to NETs, microbe-associated mo-
lecular patterns derived from intestinal microflora may also serve
as activators of pDCs in IgG4-related AIP. In support of this no-
tion, pDCs isolated from poly(I:C)-treated MRL/Mp mice pro-
duced a large amount of IFN-a and IL-33 upon stimulation with
CpG, a substance mimicking bacterial dsDNA. The possibility
that microbe-associated molecular patterns act as pDC activators
in AIP is attractive because it suggests that this form of pancreatic
inflammation is initiated and/or driven by gut bacterial compo-
nents. Evidence that this is in fact the case comes from prelimi-
nary studies in which we have observed that bowel sterilization by
a broad range of antibiotics prevented the development of exper-
imental AIP in MRL/Mp mice (data not shown). However, further
studies defining the gut microbiome in AIP as well as the dem-
onstration that gut bacteria are translocated into the circulation
and can thus contact pancreatic cells will be required to fully
establish this concept.
Our purification and depletion studies utilizing PMNCs ob-

tained from tissues of MRL/Mp mice with experimental AIP as
well as immunofluorescence studies of these tissues revealed that
pDCs are the main cellular sources of IL-33 in this model. Such
production depended on type I IFN signaling because pancreatic
expression of IL-33 was markedly reduced either by the depletion
of pDCs or by the neutralization of type I IFN signaling. This fits
well with the finding that transcription of IL-33 requires trans-
activation of IFN regulatory factor 7, a critical transcription factor
highly expressed in pDCs (44). Interestingly, pancreatic pDCs
from MRL/Mp mice with AIP do not respond to poly(I:C) likely
due to the fact that pDCs do not express a receptor that recog-
nizes dsRNA, TLR3 (30, 31). This, at first sight, appears to be at
odds with the fact that stimulation of MRL/Mp mice with poly(I:
C) is shown in these and previous studies to be the inducer of
pancreatic pDCs that are responsible for the AIP developing in
these mice. The resolution of this apparent contradiction lies in
the fact that poly(I:C) is a type I IFN inducer via its stimulation
of TLR3 on conventional DCs (45). Such type I IFN production
by conventional DCs can lead to the induction of Flt3 ligand, a
factor necessary for differentiation and expansion of pDCs (46);
moreover, type I IFN enhances the inductive effect of Flt3 ligand
on pDCs (47). Thus, poly(I:C) administration via its effect on
type I IFN production can induce differentiation and expansion
of pDCs when administered to MRL/Mp mice, even though it
cannot directly stimulate pDCs because the latter lack TLR3
expression.
IL-33 is not expressed in pancreatic acinar cells in this model

although it is expressed in acinar cells of humans with IgG4-related
AIP. The latter finding indicates that in the human disease acinar
cells also contribute to IL-33 production, although in this situation
such production may be redundant. A somewhat different situation
regarding IL-33 secretion exists in relationship to pancreatitis in
both patients with chronic alcoholic pancreatitis and in the murine
model of chronic pancreatitis described extensively above in which
pancreatitis is induced by administration of CCKR agonist and
NOD1 ligand (24, 25). In this form of pancreatitis acinar cells are
the main, if not sole, source of IL-33 secretion, and pDCs pro-
ducing this cytokine are not observed. Because in the murine
model of chronic pancreatitis, administration of anti-ST2 Ab and
consequent blockade of IL-33 signaling resulted in reduced in-
flammation and prevented fibrosis, it is reasonable to conclude that
IL-33 from this cellular source is functionally capable of medi-

ating fibrosis and perhaps other proinflammatory functions in
human chronic pancreatitis (24, 25).
In conclusion, our findings show that both human IgG4-related

AIP and murine AIP are characterized by pancreatic accumulation
of pDCs producing IFN-a and IL-33. In the case of murine AIP,
we provide evidence that chronic fibro-inflammatory responses in
AIP can be prevented by the depletion of pDCs, by the neutrali-
zation of type I IFN signaling pathways, and by the neutralization
of IL-33 signaling pathways. Thus, patients with IgG4-related AIP
can be treated with the blockade of type I IFN or IL-33–mediated
signaling pathways. Confirmation of this idea awaits human
clinical studies addressing the efficacy of anti-ST2 Ab or anti-
IFNAR Ab in human IgG4-related AIP.
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ABSTRACT

Purpose: The objective of the study was to evaluate
the cost-effectiveness of gadoxetic acid–enhanced
magnetic resonance imaging (EOB-MRI) in the diag-
nosis and treatment of hepatocellular carcinoma
(HCC) in Japan compared with extracellular contrast
media–enhanced MRI (ECCM-MRI) and contrast
media–enhanced computed tomography (CE-CT)
scanning.

Methods: A 6-stage Markov model was developed
to estimate lifetime direct costs and clinical outcomes
associated with EOB-MRI. Diagnostic sensitivity and
specificity, along with clinical data on HCC survival,
recurrence, treatment patterns, costs, and health state
utility values, were derived from predominantly Japa-
nese publications. Parameters unavailable from publica-
tions were estimated in a Delphi panel of Japanese
clinical experts who also confirmed the structure and
overall approach of the model. Sensitivity analyses,
including one-way, probabilistic, and scenario analyses,
were conducted to account for uncertainty in the results.

Findings: Over a lifetime horizon, EOB-MRI was
associated with lower direct costs (¥2,174,869) and
generated a greater number of quality-adjusted life
years (QALYs) (9.502) than either ECCM-MRI
(¥2,365,421, 9.303 QALYs) or CE-CT (¥2,482,608,
9.215 QALYs). EOB-MRI was superior to the other
diagnostic strategies considered, and this finding was
robust over sensitivity and scenario analyses. A
majority of the direct costs associated with HCC in
Japan were found to be costs of treatment. The model
results revealed the superior cost-effectiveness of the

EOB-MRI diagnostic strategy compared with ECCM-
MRI and CE-CT.

Implications: EOB-MRI could be the first-choice
imaging modality for medical care of HCC among
patients with hepatitis or liver cirrhosis in Japan.
Widespread implementation of EOB-MRI could re-
duce health care expenditures, particularly down-
stream treatment costs, associated with HCC. (Clin
Ther. 2017;39:738–750) & 2017 Elsevier HS Jour-
nals, Inc. All rights reserved.

Key words: CT, cost, economic evaluation, gadox-
etic acid, hepatocellular carcinoma, liver imaging,
MRI.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the third most
frequent cause of cancer-related mortality worldwide.1

It is the fifth most common cancer among men and
the eighth most common cancer among women.1

Infection with the hepatitis B virus (HBV) or
hepatitis C virus (HCV) are jointly responsible for
�80% of HCC cases.2 Japan has the second largest
number of patients with HCC in the world; HCC
reportedly accounts for 94% of all primary liver
cancers, and an estimated 32,000 people die of
primary liver cancer in Japan each year.3
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For patients with HCC, number of tumors, tumor
size, hepatic function, and the presence of metastases
jointly determine disease management. Approved
therapies for HCC in Japan include liver resection
(LR), liver transplantation (LT), radiofrequency abla-
tion (RFA), transarterial chemoembolization (TACE),
and both intra-arterial and systemic chemotherapy.4

Although LR and LT have the potential to cure the
disease, they are typically offered to only 30% to 40%
of patients with HCC at early stages of the disease.5

As a potentially curative treatment for both HCC and
cirrhosis, LT in particular may be preferred over other
treatment alternatives. However, in Japan, deceased
donor LT is not available in most cases of cirrhosis,
leaving only living donor LT as an option. Given the
small number of living donors available, patients often
have no choice but to use their own liver as long as
possible. HCC should therefore be treated at an early
stage to avoid reducing liver function in these patients.
In addition, early detection of HCC may prevent the
progression to metastatic disease. Diagnostic precision
in the detection, localization, and characterization of
liver tumors also reduces the need for additional
diagnostic procedures.

Advances in diagnostic imaging techniques, such as
the introduction of contrast media–enhanced magnetic
resonance imaging (MRI), have enabled imaging-
based diagnosis of HCC in many patients. Gadolinium
ethoxybenzyl diethylenetriamine pentaacetic acid
(gadoxetic acid) is a contrast agent used for the
detection and characterization of liver tumors in
patients with known or suspected liver disease.6

Gadoxetic acid is an extracellular interstitial com-
pound with a partial hepatobiliary secretion, and it
can be administered by bolus injection for evalua-
tion of vascularization. Gadoxetic acid–enhanced
MRI (EOB-MRI) has demonstrated improved
sensitivity in the characterization of most tumor
types compared with nonenhanced MRI, computed
tomography (CT) scanning, and alternative contrast
agents.7 The most significant advantage of this im-
provement in diagnostic sensitivity over other imaging
techniques is the high detectability of small lesions as
well as nonhypervascular HCC. This approach allows
early detection of HCC by EOB-MRI.

Very few studies have investigated the cost-
effectiveness of EOB-MRI, and existing studies have
not assessed downstream costs or effects after diag-
nosis.8 The cost-effectiveness of EOB-MRI as a

diagnostic strategy for patients at high risk of HCC
in Japan is currently unknown.9–14 The present study
was therefore conducted to evaluate the cost-
effectiveness of EOB-MRI in the diagnosis and treat-
ment of HCC in Japan after preliminary screening with
ultrasound in which HCC was suspected.

PATIENTS AND METHODS
Model Overview

This economic evaluation considered the Japanese
population of people experiencing chronic infection
with HBV, HCV, or liver cirrhosis. Japanese guide-
lines define these individuals as patients at high risk
for HCC.2 This analysis compares the diagnostic
strategy of EOB-MRI against extracellular contrast
media–enhanced MRI (ECCM-MRI) and contrast
media–enhanced CT (CE-CT), 3 diagnostic methods
commonly used for confirming HCC in Japan after
preliminary ultrasound screening in which HCC is
suspected.2 The perspective taken in these analyses
was that of the Ministry of Health, Labour and
Welfare (MHLW); as such, only direct costs were
considered.

Model Structure
Because HBV, HCV, liver cirrhosis, and HCC are

chronic diseases that affect patients over a lifetime, a
Markov model was developed to evaluate the cost-
effectiveness of EOB-MRI compared with either
ECCM-MRI or CE-CT in the treatment and diagnosis
of HCC among high-risk Japanese patients. The model
was developed as a 6-state cohort Markov model, in
line with model structures presented in previously
published cost-effectiveness studies (Figure 1).15–18

The cycle length was chosen as 6 months to reflect
the period over which the Japanese Evidence-Based
Clinical Practice Guidelines for Hepatocellular Carci-
noma recommend tumor marker measurements and
ultrasound diagnostic testing be performed for patients
with chronic HBV, chronic HCV, or liver cirrhosis.2

Health states in the model included the entry state of no
HCC (patients stratified according to Child-Pugh [CP]
liver function of A [CPA], B [CPB], or C [CPC]), HCC,
HCC remission, LT, end-stage care, and death. Mortal-
ity risk was calculated as a function of patient age,
disease status, and CP liver function. Background
mortality was derived from Japanese life tables.19 All
transitions between health states were assumed to
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occur half way through each 6-month cycle. The
impact of varying base case transition probability
values was explored in sensitivity analyses.

The base case time horizon was lifetime, as recom-
mended by international pharmacoeconomic modeling
guidelines for the evaluation of chronic diseases.20,21

However, results are also presented for several alter-
native time horizons to more fully inform readers and
decision-makers regarding costs and outcomes. In
accordance with the guideline for economic evaluation
of health care technologies in Japan, both costs and
outcomes were discounted at an annual rate of 2%.20

From the initial entry health state, and at each
subsequent cycle, patients could either remain in their
current health state, transition to a state of worsening
CP liver function, progress to HCC, or transition to the
absorbing health state of death. For patients who
developed HCC, it was assumed that a 2-step diag-
nostic process was undertaken in which ultrasound
was used to identify suspected HCC followed by
confirmation through a secondary diagnostic process
as recommended by the Japanese Evidence-Based
Clinical Practice Guidelines for Hepatocellular Carci-
noma.2 Secondary diagnostic options included

EOB-MRI, ECCM-MRI, and CE-CT. The proportion
of patients correctly identified through these secondary
diagnostic processes was a function of the sensitivity
and specificity of the respective diagnostic instrument.
Patients who were identified as having HCC were
stratified into 1 of 2 groups according to the number
of identified tumors (either 1–3 or Z4 tumors). Treat-
ment for these patients with HCC was then determined
based on CP status and number of tumors. Patients
whose disease status remained undiagnosed after the
diagnostic process could either experience disease pro-
gression categorized according to the number of
tumors, transition to end-stage care, or die.

For patients with 1 to 3 tumors, it was also
assumed that 50% of patients received LR as first-
line therapy and 50% received RFA as first-line
therapy. All patients with Z4 tumors were assumed
to receive TACE as first-line therapy, following
recommendations in the Japanese Evidence-Based
Clinical Practice Guidelines for Hepatocellular Carci-
noma.2 These assumptions were validated by the
Delphi panel participants.

After the first-line treatment, patients with HCC
with 1 to 3 tumors could transition to the HCC

HCC treatment 

All patients
Child-Pugh C patients only 

1.   Liver resection

Child-Pugh
A

Child-Pugh
B

HCC diagnosis stage (CE-CT, ECCM-MRI, EOB-MRI)

Child-Pugh
C

HCC
remission

Liver
Transplant

End-stage
care

2.   RFA
3.   TACE
4.   Chemotherapy

Death
HCC

1_3 Tumors
4 Tumors

Figure 1. Markov model flow diagram. CE-CT ¼ contrast media–enhanced computed tomography scan;
ECCM ¼ extracellular contrast media–enhanced; EOB ¼ gadoxetic acid-enhanced; HCC ¼
hepatocellular carcinoma; ICER ¼ incremental cost-effectiveness ratio; LY ¼ life year; MRI ¼
magnetic resonance imaging; RFA ¼ radiofrequency ablation; TACE ¼ transarterial chemoembo-
lization; QALY ¼ quality-adjusted life year.
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remission health state, experience treatment failure
(remain in the HCC health state), or die. Patients who
failed the first treatment during any given 6-month
cycle could progress to a second line of treatment in
the following cycle. For second-line treatment among
patients with 1 to 3 tumors, it was assumed that 50%
of patients received LR and 50% received RFA. For
those who failed the second treatment, a third line of
treatment using TACE was made available. Treatment
failure rates for each treatment modality were calcu-
lated as the number of patients who experienced
disease recurrence in a given cycle. Patients with
HCC who had received 3 lines of therapy transitioned
to end-stage care, which could include either chemo-
therapy with the biologic agent sorafenib or palliative
care, as indicated in the Japanese Evidence-Based
Clinical Practice Guidelines for Hepatocellular Carci-
noma.2 It was assumed that for all CPA and CPB
patients who failed 3 lines of therapy, 50% would
receive chemotherapy and 50% would receive
palliative care. For CPC patients, all patients were
assumed to receive palliative care after treatment
failure. These assumptions were validated during the
Delphi panel process.

The reference strategy was EOB-MRI, and the
incremental comparisons of interest were therefore
EOB-MRI versus ECCM-MRI and EOB-MRI versus
CE-CT, respectively. Primary outcomes are expressed
in terms of incremental cost per quality-adjusted life
year (QALY), calculated by using incremental cost-
effectiveness ratios (ICERs). In accordance with eco-
nomic modeling guidelines, ICERs were not calculated
for strategies that were dominated.22 Additional
outcomes include number of new HCC cases,
number of HCC deaths, and both discounted and
undiscounted life-years.

Clinical Inputs
A targeted literature review was conducted to

identify previous literature on HCC diagnostic and
treatment strategies. The scope of each search
strategy was defined in terms of patient population,
intervention, comparator, and outcome, together
with the design of the studies considered. In addition
to the targeted literature review, a Delphi panel of
9 Japanese physicians with expertise in gastroenterol-
ogy, radiology, hepatology, surgery, and biliary-
pancreatic surgery was convened to identify input
parameter values not identified in the literature

search. The Delphi panel consisted of 2 rounds
of anonymous responses. Clinical assumptions and
the overall approach of the model were confirmed by
the Delphi panel, and the clinical pathway was
reviewed and revised according to the panel’s
suggestions.

All patients at high risk of HCC entered the model
with chronic HBV, HCV, or liver cirrhosis, stratified
according to CP status A, B, or C. The initial CP
distribution among patients and the transition prob-
abilities between CP categories were derived from a
recent Japanese study of Japanese patients with
chronic HCV, which was then validated by the Delphi
panel experts (Figure 1).23 The proportion of high-risk
patients who developed HCC was derived from a
Japanese longitudinal study of 2215 patients with
chronic viral hepatitis.24 Due to the paucity of data
regarding HCC according to CP status, the risk of
developing HCC was assumed to be the same across
CP categories. The proportion of patients with HCC
identified as having 1 to 3 tumors was obtained from
the expert Delphi panel, and the proportion having
Z4 tumors was assumed to be 1 minus this value.
The proportion of untreated patients transitioning
from 1 to 3 tumors to either Z4 tumors, end-stage
disease, or death, according to CP status, was also
obtained from the Delphi panel questionnaire. The
base case mortality rate was estimated as a function of
both age (using Japanese life tables) and the excess
mortality due to liver function and underlying disease
(eg, HCV, HBV, liver cirrhosis) as reported in the
recent Japanese study.23

Japanese patients diagnosed with HCC could re-
ceive Z1 of the following treatments: LR, RFA, TACE
or, for those with advanced stages of liver dysfunc-
tion, LT was assumed. Overall survival data associ-
ated with LR, LT, and treatment with TACE or RFA
were derived from studies conducted in Japan.25,26

The maximum age to receive a LT was assumed to be
65 years, as specified in the Japanese HCC guidelines.2

Overall survival rates for patients who transitioned to
palliative care or received chemotherapy were derived
from a Japanese study.25 Patients with HCC in the
model who received chemotherapy or palliative care
were assumed to continue these treatments until
death. Survival rates reported in the identified
studies were transformed to 6-month survival proba-
bilities by using a standard mathematical formula.27

Alternate overall survival values were explored in
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sensitivity analyses in which the base case values were
varied by �20%.

Recurrence rates for patients treated with either
LR, LT, or TACE were derived from 2 recent Japanese
studies of patients with HCC.26,28,29 Because Japanese
data on recurrence after RFA treatment were not
identified during the literature review, the recurrence
rate was derived from a recent Chinese comparative
cohort study of 597 patients with HCC.30 Alternative
values (�20% of the base case values) for overall
survival and recurrence were examined in sensitivity
analyses to account for uncertainty.

The Japanese Evidence-Based Clinical Practice
Guidelines for Hepatocellular Carcinoma classify pa-
tients according to HCC tumor size.2 However, due to
the unavailability of Japanese data on tumor size in
determination of diagnostic accuracy, a simplifying
assumption was made based on the number of HCC
tumors (either 1–3 or Z4 tumors). The proportion of
patients with 1 to 3 tumors and Z4 tumors treated
with LR, LT, or RFA, according to CP status, was
provided by the expert Delphi panel participants. The
Delphi panel also provided the proportion of patients
who receive palliative care, stratified according to CP
status. All clinical values used in the model are
presented in Supplemental Table I (as shown in the
online version at http://dx.doi.org/10.1016/j.clinthera.
2017.03.006).

For all analyses, the diagnostic specificity of pre-
liminary ultrasound screening (0.96) was derived from
a diagnostic study conducted in the United States of
HCC in patients with cirrhosis.31 Diagnostic
sensitivity and specificity values for each of the 3
diagnostic modalities examined in the model were
reported in the literature according to tumor size,
either o2 cm, 2 to 4 cm, or 44 cm in diameter, or for
all sizes. Average sensitivity and specificity values
across all relevant studies were calculated, weighted
by the total number of patients and total number of
tumors in each study. In the base case, weighted
averages across studies of tumors of all sizes were
used. This approach may be conservative because the
reported sensitivity of ECCM-MRI and CE-CT is
lower for smaller tumor sizes compared with that of
EOB-MRI.10,14,31,32

Diagnostic sensitivity and specificity values for CE-
CT and EOB-MRI were calculated based on the
results of a recently published meta-analysis of
9 studies of patients with HCC, which included

3 Japanese studies.9 Diagnostic sensitivity values for
ECCM-MRI were not identified in recent Japanese
studies or meta-analyses, and therefore a weighted
average across 3 identified studies among patients
with HCC from South Korea was used in the
model.10,13,14 Specificity data for ECCM-MRI
were calculated as a weighted average derived from
2 published studies of patients with HCC from South
Korea and the United States, respectively.10,11 Due to
a paucity of data, diagnostic values for patients with
1 to 3 tumors and Z4 tumors were assumed to be the
same. All diagnostic parameter values used in the
model are presented in Supplemental Table II (as
shown in the online version at http://dx.doi.org/
10.1016/j.clinthera.2017.03.006).

Health Care Resource Utilization and Costs
Because the present analysis was conducted from

the public payer perspective of the MHLW, only
direct costs were included. The costs of productivity
loss, including absenteeism and presenteeism, were
not considered. However, because unit costs were
derived from MHLW databases, as recommended by
Japanese guidelines, patient out-of-pocket expenses
were assumed to be included in the estimates.

Unit costs consisted of the direct costs of diagnostic
procedures, treatment courses, and other health care
resource utilization costs. The respective unit costs for
ultrasound, ECCM-MRI, EOB-MRI, and CE-CT were
gathered from the MHLW Reimbursement Informa-
tion Service.33 The per-procedure unit costs for treat-
ment modalities included LR, LT, RFA, and TACE.
Unit costs for the LR, RFA, and TACE treatment
modalities were taken from the MHLW’s Reimburse-
ment Information Service and included cost of treat-
ment procedures and associated hospitalization. For
use in the model, the unit cost of TACE was multiplied
by 1.6 to account for the fact that 60% of patients
receive a second course of TACE therapy, as per the
recommendations of the expert Delphi panel. The unit
cost of LT was taken from a cost analysis of adult–
adult living donors for LT in Japan.34

Other health care resource utilization unit costs
included chemotherapy with sorafenib and unit costs
associated with palliative or end-stage care. The cost
of sorafenib was estimated based on standard dosing
in Japan of 800 mg/d (200 mg per pill) multiplied by
182 days. The unit cost was taken from the MHLW’s
Reimbursement Information Service.33 The median
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duration of sorafenib therapy among patients with HCC
in Japan was reported to be 17.4 weeks and 7.6 weeks
for CPA and CPB patients, respectively.35 Therefore, it
was assumed in the model that the cost of sorafenib
therapy would be limited to one 6-month cycle.
Palliative care costs were estimated as the 6-month
cost of hospitalization from the MHLW’s Reimburse-
ment Information Service. For this calculation, it was
assumed that 50% of patients were treated as inpa-
tients and 50% of patients were treated in the out-
patient setting. All unit costs were converted to 6-
month costs for use in the model.

All patients were assumed to receive diagnostic
ultrasound and secondary confirmatory diagnostic
tests every 6 months. Patients whose ultrasound
results were positive (including both true HCC and
false-positive results) underwent confirmatory diag-
nostic testing with either CE-CT, ECCM-MRI, or
EOB-MRI. Costs pertaining to false-positive findings
were assumed to be the cost of the additional
diagnostic tests needed to confirm the decision to
treat. The unit cost of EOB-MRI, ECCM-MRI, and
CE-CT was used for estimating the cost of false-
positive findings for each diagnostic strategy. Addi-
tional diagnostic costs were not considered for true
positive findings. Patients receiving palliative care or
chemotherapy who died at any point during a given 6-
month period (ie, 1 cycle in the model) were assumed
to die halfway through the cycle and were therefore
assigned 50% of the 6-month costs of chemotherapy
or palliative care, respectively. All costs used in the
model are presented in Supplemental Table III (as
shown in the online version at http://dx.doi.org/
10.1016/j.clinthera.2017.03.006).

Health State Utilities
For use in economic evaluation, health-related

quality of life is typically reported in the form of
utility values on a scale between 0 and 1 (0 indicating
death, and 1 indicating the best possible state of
health). The EuroQoL 5 Dimensions questionnaire
(EQ-5D) utility index has been shown to be a valid
and responsive outcome measure among patients with
chronic hepatic diseases, and Japanese studies have
provided EQ-5D utility values for patients infected
with HCV.36,37 Results from a Japanese study re-
ported utility estimates for both HBV and HCV
patients stratified according to age group, and the
present model uses the utility estimates for the patients

aged 40 to 49 years from this publication in the base
case.37

For patients undergoing an LT procedure, the
utility value for the first year after the transplant
and for subsequent years was derived from a previ-
ously published cost-effectiveness analysis of patients
with HCC.17 Temporary utility decrements associated
with HCC treatment modalities were not available in
the Japanese literature and thus were taken from
international sources. For LR, the temporary utility
decrement was derived from a systematic review and
economic evaluation from the United Kingdom of
ablative therapies for the management of liver
metastases.38 For RFA-treated patients, the temporary
utility decrement was taken from the same study.
Previous studies have shown that TACE results in
lower quality of life relative to RFA and higher quality
of life relative to LR.39 Therefore, on the basis of this
information, and because a published estimate was
not identified for the temporary decrement associated
with TACE, the temporary TACE decrement was
assumed to be the mid-point of the decrement for
LR and the decrement for RFA. The utility value
corresponding to treatment with chemotherapy with
sorafenib was derived from a study by the National
Institute for Health and Care Excellence in the United
Kingdom of sorafenib treatment for advanced HCC.40

All utility values used in the model are presented in
Supplemental Table IV (as shown in the online version
at http://dx.doi.org/10.1016/j.clinthera.2017.03.006). To
account for uncertainty in utility estimates, base case
utility values were varied by�20% in sensitivity analyses.

Sensitivity Analyses
Models are necessarily simplified approximations

of actual clinical practice and patient experience. As a
result, uncertainty in terms of both model input values
and structural assumptions should be characterized
through sensitivity analysis. One-way (deterministic)
sensitivity analysis involves varying input parameter
values one at a time and assessing the impact of these
variations on the results. To assess the simultaneous
impact of changes in multiple input parameter values,
a Monte Carlo simulation was performed. This
probabilistic technique involves simulating the model
results numerous times by using sampling with re-
placement to create a probability distribution of the
results. These results are typically presented in the
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form of cost-effectiveness acceptability curves in ac-
cordance with accepted good research practices.22

For each input parameter, a distribution was
assumed in the probabilistic analysis. For transition
probabilities, utility data, treatment efficacy, treatment
proportions, and diagnostic variables, the data were
assumed to follow a beta distribution because they are
restricted to values between 0 and 1. For all costs, the
data were assumed to follow a gamma distribution
because the distribution of the data was assumed to be
right-skewed and restricted to values 40.

RESULTS
Base Case

Over a lifetime horizon, the per patient undis-
counted and discounted LYs generated for each of
the diagnostic strategies, respectively, were as follows:
CE-CT, 10.394 and 9.696, ECCM-MRI, 10.488 and
9.776; and EOB-MRI 10.683 and 9.968. The number
of new HCC cases was highest for the EOB-MRI
strategy (0.904), followed by ECCM-MRI (0.885),
and CE-CT (0.871). Deaths due to HCC were lowest
for EOB-MRI (0.172), followed by ECCM-MRI (0.212);
HCC deaths were highest for CE-CT (0.232).

The EOB-MRI strategy generated the greatest
number of QALYs (9.502), followed by ECCM-MRI
(9.303); CE-CT generated the lowest number of
QALYs (9.215). The diagnostic strategy with the
lowest costs was EOB-MRI (¥2,174,869), followed
by ECCM-MRI (¥2,365,421), and then CE-CT
(¥2,482,608). EOB-MRI had lower costs and
generated a higher number of QALYs than either
ECCM-MRI or CE-CT and therefore was the domi-
nant diagnostic strategy (Table I). The EOB-MRI

diagnostic strategy was observed to remain dominant
over alternative time horizons considered of 5, 10, 25,
and 50 years. The results for EOB-MRI only ceased to
be dominant over a time horizon of 1 year. Because
EOB-MRI dominated both comparator diagnostic strat-
egies in the base case, ICERs were not calculated, in
accordance with standard pharmacoeconomic analysis
practices.22

In a detailed breakdown of the base case costs,
treatment for HCC was the most costly component:
¥2,212,818 for CE-CT, ¥2,123,319 for ECCM-MRI,
and ¥1,943,238 for EOB-MRI (Table II). For the
EOB-MRI strategy, higher costs were observed for
treatments given in earlier stages of disease such as
LT, LR, and RFA. By contrast, the ECCM-MRI and
CE-CT diagnostic strategies were associated with
higher costs for later stage treatments such as chemo-
therapy and palliative care. A breakdown of the base
case outcomes (Table III) revealed that CPA patients
had the highest QALYs across each of the treatment
strategies (7.190 for CE-CT, 7.268 for ECCM-MRI,
and 7.436 for EOB-MRI).

Sensitivity Analyses
The results of one-way sensitivity analyses are typi-

cally presented in the form of a tornado diagram.27 Both
CE-CT and ECCM-MRI were dominated by EOB-MRI
in the base case, and EOB-MRI dominance was main-
tained across each of the one-way sensitivity analyses
conducted. Therefore, in accordance with pharmacoeco-
nomic modeling best practices, the results of the one-way
sensitivity analysis were not presented.22

For the probabilistic sensitivity analysis, 1000 Monte
Carlo simulations were conducted (Figure 2). The

Table I. Base case results (deterministic).

Strategy
New HCC
Cases

HCC
Deaths

LYs:
Undiscounted

LYs:
Discounted QALYs Costs, ¥

Incremental
Costs, ¥

Incremental
QALYs ICER

CE-CT 0.871 0.232 10.394 9.696 9.215 2,482,608 –307,739 0.287 Dominated
ECCM-MRI 0.885 0.212 10.488 9.776 9.303 2,365,421 –190,552 0.199 Dominated
EOB-MRI 0.904 0.172 10.683 9.968 9.502 2,174,869 – – –

CE-CT ¼ contrast media–enhanced computed tomography scan; ECCM ¼ extracellular contrast media–enhanced; EOB ¼
gadoxetic acid-enhanced; HCC ¼ hepatocellular carcinoma; ICER ¼ incremental cost-effectiveness ratio; LY ¼ life year; MRI
¼ magnetic resonance imaging; QALY ¼ quality-adjusted life year.
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probabilistic results, presented as mean costs and mean
QALYs across all simulations, closely matched the base
case (deterministic) results, providing validation of the
model results and model structure (Table IV).
Because both the CE-CT and ECCM-MRI diagnos-
tic strategies were dominated by EOB-MRI in the
base case, in accordance with modeling best practi-
ces, the cost-effectiveness acceptability curves were
not presented.22

To assess uncertainty associated with input param-
eter value data selections, alternative sets of values
were chosen based on previously conducted studies.
The base case results used imaging modality-specific
sensitivity and specificity values reported for tumors of
any size. Because EOB-MRI has been suggested to
have superior sensitivity for smaller tumor sizes, a
scenario analysis was conducted by using alternative
sensitivity and specificity values reported for tumor
sizes o2 cm.10,11,14,31,32 The negative incremental
costs and positive incremental QALYs between
EOB-MRI and the other diagnostic strategies in the

base case were found to be even more pronounced in
this scenario analysis.

A second scenario analysis was conducted by using
alternative utility values reported by Levy et al in
2008 as these values have been used in economic
evaluations of HCC.15,41,42 Using the alternative
utility values resulted in a lower number of QALYs
generated for each diagnostic strategy compared with
the base case. The incremental QALYs between EOB-
MRI and both ECCM-MRI and CE-CT were also
found to be smaller than in the base case; however,
EOB-MRI consistently remained the dominant diag-
nostic strategy.

DISCUSSION
The primary objective of the present study was to
determine, from an MHLW perspective, the cost-
effectiveness of EOB-MRI compared with ECCM-
MRI and CE-CT among patients at high risk of
developing HCC in Japan.

There are a number of strengths associated with
the present analysis. One advantage was that the
base case time horizon was lifetime, which accounts
for the fact that HCC risk and outcomes are
relevant for the duration of a patient’s life. Results
using alternative time horizons were also presented
to more fully describe the expected outcomes
associated with the 3 diagnostic strategies under
analysis.

Table III. Disaggregated quality-adjusted life
year (QALYs).

QALY
Component CE-CT ECCM-MRI EOB-MRI

CPA 7.190 7.268 7.436
CPB 0.687 0.694 0.709
CPC 1.160 1.182 1.237
Treatment 0.178 0.159 0.120
Total 9.215 9.303 9.502

CE-CT ¼ contrast media–enhanced computed
tomography scan; CPA ¼ Child-Pugh class A; CPB ¼
Child-Pugh class B; CPC ¼ Child-Pugh class C;
ECCM ¼ extracellular contrast media–enhanced;
EOB ¼ gadoxetic acid-enhanced; MRI ¼ magnetic
resonance imaging.

Table II. Disaggregated costs.

Cost
Component CE-CT, ¥

ECCM-
MRI, ¥

EOB-
MRI, ¥

Additional
screening

97,715 59,546 36,752

False-positive
finding

1733 7496 1638

Screening 58,394 61,486 76,201
Ultrasound 111,948 113,574 117,040
Treatment 2,212,818 2,123,319 1,943,238

Chemotherapy 727,719 620,267 410,975
Liver resection 206,650 219,898 250,203
LT 590,066 624,491 712,106
Palliative care 354,078 311,423 221,392
RFA 186,254 198,292 225,717
TACE 148,050 148,949 122,845

Total 2,482,608 2,365,421 2,174,869

CE-CT ¼ contrast media–enhanced computed
tomography scan; ECCM ¼ extracellular contrast
media–enhanced; EOB ¼ gadoxetic acid-enhanced; LT
¼ liver transplant; MRI ¼ magnetic resonance imaging;
RFA ¼ radiofrequency ablation; TACE ¼ transarterial
chemoembolization; QALY ¼ quality-adjusted life year.
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Another advantage is that data from studies con-
ducted in Japan were used almost exclusively, in
accordance with the guideline for economic evaluation
of health care technologies in Japan.20 Important
differences in demography, epidemiology, charac-
teristics of the health care system, and health care
resource availability likely exist, underscoring the
importance of using data specific to Japan for
localized results. Previous economic evaluations of
HCC surveillance and diagnostics by Japanese
investigators have relied heavily on data from

foreign sources, which may not be appropriate for
evaluating costs and effects among patients in
Japan.8,16

Previously published pharmacoeconomic studies of
HCC in Japan have also tended to focus on either
treatment or diagnostics in isolation from one an-
other.8,16 The present analysis evaluated the costs and
outcomes of diagnostic strategies that include the
succession of treatments and related outcomes which
followed as a result of HCC diagnoses. Fully defined
diagnostic strategies, combining both diagnostic
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Figure 2. Scatterplot: probabilistic sensitivity analysis. CE-CT ¼ contrast media–enhanced computed
tomography scan; ECCM ¼ extracellular contrast media–enhanced; EOB ¼ gadoxetic acid-
enhanced; MRI ¼ magnetic resonance imaging; QALY ¼ quality-adjusted life year.

Table IV. Probabilistic results.

Strategy
New HCC
Cases

HCC
Deaths

LYs:
Undiscounted

LYs:
Discounted QALYs Costs, ¥

Incremental
Costs, ¥

Incremental
QALYs ICER

CE-CT 0.923 0.241 10.890 10.103 9.681 2,677,766 –313,765 0.415 Dominated
ECCM-MRI 0.942 0.220 11.034 10.222 9.816 2,554,973 –190,977 0.280 Dominated
EOB-MRI 0.970 0.180 11.319 10.487 10.095 2,363,996 – – –

CE-CT ¼ contrast media–enhanced computed tomography scan; ECCM ¼ extracellular contrast media–enhanced; EOB ¼
gadoxetic acid-enhanced; HCC ¼ hepatocellular carcinoma; ICER ¼ incremental cost-effectiveness ratio; LY ¼ life year; MRI ¼
magnetic resonance imaging; QALY ¼ quality-adjusted life year.
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procedures and the treatments and outcomes they
entail, more accurately capture the true value of
diagnostic technologies than considering diagnostics
or treatments alone. In this way, the present study
provides a basis for improved content validity over
previous studies.

In addition, the HCC patient treatment pathway in
the present analysis was based on the Japanese
Evidence-Based Clinical Practice Guidelines for Hep-
atocellular Carcinoma, and both unit costs and diag-
nostic characteristics (sensitivity and specificity) were
similar to previously published estimates, which sup-
ports the face validity of the model.8,16 However,
EOB-MRI has been shown to have superior diagnostic
characteristics over both ECCM-MRI and CE-CT in
the detection of tumors r2 cm in diameter. In fact,
the availability and use of EOB-MRI for the detection
of HCC and its documented capability to differentiate
early HCC from dysplastic nodules has been identified
as a major breakthrough.43 Consequently, the base
case results of the present analysis may in fact be
understating the value of EOB-MRI as a diagnostic
strategy for HCC.

The superior diagnostic capability of EOB-MRI in
detecting HCC has particular relevance to both
patients and the health care system because the need
for additional imaging as a result of inadequate initial
diagnostic accuracy could result in prolonged patient
testing, delayed treatment decisions, and delayed
therapeutic interventions.44 Delayed therapeutic
interventions can lead to unnecessary distress and
worsening disease for patients as well as generate
additional medical costs and excessive burden for the
medical system. In the present analysis, diagnosis of
HCC using either ECCM-MRI or CE-CT resulted in
comparatively later detection of disease for many
patients. Although this later detection necessitated
fewer up-front treatment costs than EOB-MRI in the
short run, it also led to treatment being administered
at later stages of disease, resulting in less effective
disease management and, ultimately, the need for
more intensive and costly treatments such as TACE,
chemotherapy, and palliative care. In contrast, EOB-
MRI generated higher costs for LR and RFA com-
pared with ECCM-MRI and CE-CT, suggesting that
treatment had been provided at earlier stages due to
earlier detection of tumors. The results of the
present analysis provide some initial confirmatory
evidence that the comparatively inferior diagnostic

accuracy associated with ECCM-MRI and CE-CT
may lead to suboptimal patient and medical system
outcomes.

The present study had a number of limitations. As
is unavoidable in pharmacoeconomic modeling, a
number of simplifying assumptions were made over
the course of model development. These included
assumptions regarding input values used in the sensi-
tivity analyses, tumor size and number, stratification
of HCC risk, survival, and costing.

A limitation of this study is that uncertainty in
input parameter values was arbitrarily modeled at
�20% of base case values. As such, the sensitivity
analyses may not represent the true uncertainty
associated with the model input parameter values.
However, �20% of base case values is likely an
overstatement of the true uncertainty.

Published studies reporting the sensitivity and
specificity for detecting tumors by sizes categorized
in the Japanese treatment guidelines for HCC were
not identified in the literature search nor elicited
through the Delphi process. Consequently, an assump-
tion was made to stratify patients on the basis of
tumor number rather than tumor size. This assump-
tion may have clinical plausibility because patients
with a greater number of tumors tend to be at more
advanced stages of disease. A study of 557 patients
with HCC from the United States identified the
presence of multiple tumors as an independent pre-
dictor of death, which supports this assumption.45

Although the assumption could have introduced bias
into the model because diagnostic sensitivity and
specificity are calculated on the basis of tumor size
rather than on tumor number, the potential bias is
likely to be in favor of the comparators to EOB-MRI,
as EOB-MRI has been shown to have superior
diagnostic characteristics for smaller tumor
sizes.10,14,32 As a result, the assumption may be
conservative.

Another limitation is that due to lack of published
data, the sensitivity and specificity of the diagnostic
strategies in the model were assumed to be the same
regardless of the number of tumors a patient had. This
approach may have biased downward the results for
patients with Z4 tumors because true sensitivity and
specificity of diagnostic tests can be, on average,
slightly higher among patients with a greater number
of tumors. However, this scenario is likely a conser-
vative assumption in the present analysis, as improved
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diagnostic characteristics for patients with Z4 tumors
would be expected across all 3 diagnostic strategies,
and EOB-MRI has a relatively higher baseline sensitivity
and specificity. The incrementally higher true sensitivity
and specificity values of EOB-MRI for patients with Z4
tumors, if used in the analysis, would likely have resulted
in greater diagnostic superiority relative to the other
strategies. Consequently, the assumption may have
had at worst a negligible overall effect or even biased
the base case results slightly in favor of the other
2 diagnostic strategies.

In the absence of studies reporting stratification of
HCC risk across CP groups, an assumption was made
that HCC risk was equal across CP groups. Because
HCC risk has been noted to depend on the stage of
cirrhosis, this assumption may have biased the results
for CPC patients relative to CPA or CPB patients.46

This bias may have resulted in fewer CPC patients
receiving LT and TACE in the model, generating
decreased costs relative to the base case. However,
these costs would accrue disproportionately between
the diagnostic strategies with relatively more costs
generated from the ECCM-MRI and CE-CT strategies
compared with EOB-MRI. For this reason, this
assumption may be considered conservative.

Due to lack of available data, the proportion of
untreated patients with 1 to 3 tumors who progress to
having Z4 tumors was assumed to be the same
irrespective of underlying liver function. This outcome
may differ from actual clinical practice in which a
smaller proportion of patients with CPC liver function
may progress to having Z4 tumors than patients with
either CPA or CPB. However, this assumption con-
cerns a very small proportion of patients and would
have a negligible effect on the model results.

In addition, this analysis did not consider the
impact of treatment-related adverse events for patients
receiving treatment for HCC. However, among pa-
tients with HCC receiving treatment with sorafenib,
the proportion of patients experiencing treatment-
related adverse events has been reported to be rela-
tively low, and would not be expected to materially
affect patient overall survival, health-related quality of
life, or cost.35

CONCLUSIONS
From the perspective of the MHLW, the cost-
effectiveness of EOB-MRI was shown to be superior

to either ECCM-MRI or CE-CT among Japanese
patients at high risk of developing HCC. The diag-
nostic strategy EOB-MRI dominated the other diag-
nostic strategies, and this finding was robust to both
sensitivity and scenario analyses. As a result, in terms
of cost-effectiveness, EOB-MRI could be the first-
choice imaging modality for medical care of HCC
among patients with hepatitis or cirrhosis in Japan.
Widespread implementation of EOB-MRI could re-
duce health care expenditures, particularly down-
stream treatment costs, associated with HCC.
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SUPPLEMENTARY MATERIAL
See Supplementary Table SI–IV.

Supplementary Table SI. Clinical inputs.

Variable Base case value Reference

Transition probabilities

TP: C-P A - C-P B 0.02 Yatsuhashi 2015
TP: C-P B - C-P C 0.21 Yatsuhashi 2015
TP: C-PA - C-PA þ HCC 0.04 Ikeda et al. 1998
TP: C-P B - C-P B þ HCC 0.04 Ikeda et al. 1998
TP: C-P C - C-P C þ HCC 0.04 Ikeda et al. 1998
Proportion of HCC that is 1-3 nodules (CPA, CPB) 0.848 Delphi panel 2016
Proportion of HCC that is 1-3 nodules (CPC) 0.848 Delphi panel 2016
Excess death C-P A 0.011 Yatsuhashi 2015
Excess death C-P B 0.051 Yatsuhashi 2015
Excess death C-P C 0.117 Yatsuhashi 2015
TP: Untreated 1-3 nodules - 4þ nodules (CPA/CPB) 0.438 Delphi panel 2016
TP: Untreated 1-3 nodules - end-stage disease (CPA/CPB) 0.092 Delphi panel 2016
TP: Untreated 1-3 nodules - Death (CPA/CPB) 0.048 Delphi panel 2016
TP: Untreated 4þ nodules - end-stage disease (CPA/CPB) 0.356 Delphi panel 2016
TP: Untreated 4þ nodules - Death (CPA/CPB) 0.114 Delphi panel 2016
TP: Untreated 1-3 nodules - 4þ nodules/advanced (CPC) 0.438 Delphi panel 2016
TP: Untreated 1-3 nodules - Death (CPC) 0.09 Delphi panel 2016
Proportion of patients receiving HCC treatments

Proportion of 1-3 HCC treated with LR CPA/CPB 0.5 Delphi panel 2016
Proportion of 1-3 HCC treated with LT CPA/CPB 0 Delphi panel 2016
Proportion of 1-3 HCC treated with RFA CPA/CPB 0.5 Delphi panel 2016
Proportion of 1-3 HCC treated with LR CPC 0 Delphi panel 2016
Proportion of 1-3 HCC treated with LT CPC 1 Delphi panel 2016
Proportion of end-stage CPA/CPB receiving PC 0.2 Delphi panel 2016
Proportion of end-stage CPC receiving PC 0.9 Delphi panel 2016
Treatment efficacy and recurrence

HCC recurrence following LR 0.05 Ikeda 2009
HCC recurrence following LT 0.012 Kaido et al. 2015
HCC recurrence following RFA 0.098 Guo et al. 2015
HCC recurrence following TACE 0.37 Matsuda et al. 2013
Treatment survival Chemotherapy CPA 0.730 Nakano et al. 2012
Treatment survival Liver resection CPA 0.946 Kudo et al. 2010
Treatment survival Liver transplant CPA 0.906 Kaido et al. 2015
Treatment survival PC CPA 0.818 Sakaguchi et al. 2016
Treatment survival RFA CPA 0.907 Guo et al. 2015
Treatment survival TACE CPA 0.887 Kudo et al. 2010
Treatment survival Chemotherapy CPB 0.730 Nakano et al. 2012
Treatment survival LR CPB 0.926 Kudo et al. 2010

(continued)
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Supplementary Table SI. (continued).

Variable Base case value Reference

Treatment survival LT CPB 0.906 Kaido et al. 2015
Treatment survival PC CPB 0.624 Sakaguchi et al. 2016
Treatment survival RFA CPB 0.91 Guo et al. 2015
Treatment survival TACE CPB 0.851 Kudo et al. 2010
Treatment survival Chemotherapy CPC 0.730 Nakano et al. 2012
Treatment survival LR CPC 0.926 Kudo et al. 2010
Treatment survival LT CPC 0.906 Kaido et al. 2015
Treatment survival PC CPC 0.624 Sakaguchi et al. 2016
Treatment survival RFA CPC 0.91 Guo et al. 2015
Treatment survival TACE CPC 0.848 Kudo et al. 2010

Abbreviations: CPA, Child-Pugh A; CPB, Child-Pugh B; CPC, Child-Pugh C; HCC, hepatocellular carcinoma; LR, liver
resection; LT, liver transplant; PC, palliative care; RFA, radiofrequency ablation; TP, transition probability

Supplementary Table SII. Diagnostic sensitivity and specificity.

Variable (grouped by number of tumors:

either 1-3 or 4þ)

Base case

value Reference

EOB-MRI

EOB-MRI Sensitivity 1-3 0.95 Ye et al. 2015
EOB-MRI Specificity 1-3 0.96 Ye et al. 2015
EOB-MRI % HCC 1-3 requiring additional tests 50.3% Delphi panel 2016
EOB-MRI % CE-CT scan for 2nd test 1-3 69.4% Delphi panel 2016
EOB-MRI % ECCM-MRI for 2nd test 1-3 0.3% Delphi panel 2016
EOB-MRI % other for 2nd test 1-3 30.2% Delphi panel 2016
EOB-MRI Sensitivity 4þ 0.95 Ye et al. 2015
EOB-MRI Specificity 4þ 0.96 Ye et al. 2015
EOB-MRI % HCC 4þ requiring additional tests 50.3% Delphi panel 2016
EOB-MRI % CE-CT scan for 2nd test 4þ 69.4% Delphi panel 2016
EOB-MRI % ECCM-MRI for 2nd test 4þ 0.3% Delphi panel 2016
EOB-MRI % other for 2nd test 4þ 30.2% Delphi panel 2016
ECCM-MRI

ECCM-MRI Sensitivity 1-3 0.79 Weighted average
(Youk et al. 2004, Kim et al.
2010, Park et al. 2010)

ECCM-MRI Specificity 1-3 0.89 Weighted average
(Kim et al. 2010; Park et al. 2012)

ECCM-MRI % HCC 1-3 requiring additional tests 81.6% Delphi panel 2016
ECCM-MRI % CE-CT scan for 2nd test 1-3 10.0% Delphi panel 2016
ECCM-MRI % EOB-MRI for 2nd test 1-3 88.0% Delphi panel 2016

(continued)
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Supplementary Table SII. (continued).

Variable (grouped by number of tumors:

either 1-3 or 4þ)

Base case

value Reference

ECCM-MRI % other for 2nd test 1-3 2.0% Delphi panel 2016
ECCM-MRI Sensitivity 4þ 0.86 Weighted average (Youk et al. 2004,

Kim et al. 2010, Park et al. 2010)
ECCM-MRI Specificity 4þ 0.84 Weighted average (Kim et al. 2010;

Park et al. 2012)
ECCM-MRI % HCC 4þ requiring additional tests 81.6% Delphi panel 2016
ECCM-MRI % CE-CT scan for 2nd test 4þ 10.0% Delphi panel 2016
ECCM-MRI % EOB-MRI for 2nd test 4þ 88.0% Delphi panel 2016
ECCM-MRI % other for 2nd test 4þ 2.0% Delphi panel 2016
CE-CT

CE-CT Sensitivity 1-3 0.74 Ye et al. 2015
CE-CT Specificity 1-3 0.93 Ye et al. 2015
CE-CT % HCC 1-3 requiring additional tests 89.8% Delphi panel 2016
CE-CT % ECCM-MRI scan for 2nd test 1-3 0.3% Delphi panel 2016
CE-CT % EOB-MRI for 2nd test 1-3 97.2% Delphi panel 2016
CE-CT % other for 2nd test 1-3 24.0% Delphi panel 2016
CE-CT Sensitivity 4þ 0.74 Ye et al. 2015
CE-CT Specificity 4þ 0.93 Ye et al. 2015
CE-CT % HCC 4þ requiring additional tests 89.8% Delphi panel 2016
CE-CT % ECCM-MRI scan for 2nd test 4þ 0.3% Delphi panel 2016
CE-CT % EOB-MRI for 2nd test 4þ 97.2% Delphi panel 2016
CE-CT % other for 2nd test 4þ 24.0% Delphi panel 2016
Ultrasound

Ultrasound sensitivity 0.96 Yu et al. 2011

Abbreviations: CE-CT, contrast-media-enhanced computed tomography; CPA, Child-Pugh A; CPB, Child-Pugh B; CPC,
Child-Pugh C; ECCM, extracellular contrast-media-enhanced; EOB, ethoxybenzyl; HCC, hepatocellular carcinoma; MRI,
magnetic resonance imaging; PC, palliative care; RFA, radiofrequency ablation
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Supplementary Table SIII. Unit costs.

Variable Base case value Source

Cost ECCM-MRI ¥32,678 2016 Reimbursement Information Service
(Ministry of Health, Labor and Welfare)

Cost EOB-MRI ¥42,417 2016 Reimbursement Information Service
(Ministry of Health, Labor and Welfare)

Cost CE-CT ¥30,465 2016 Reimbursement Information Service
(Ministry of Health, Labor and Welfare)

Cost CHE ¥3,414,287 2016 Reimbursement Information Service
(Ministry of Health, Labor and Welfare)

Cost LR ¥696,200 2016 Reimbursement Information Service
(Ministry of Health, Labor and Welfare)

Cost LT ¥8,800,978 Sakata et al. 2011
Cost RFA ¥600,268 2016 Reimbursement Information Service

(Ministry of Health, Labor and Welfare)
Cost TACE ¥682,672 2016 Reimbursement Information Service

(Ministry of Health, Labor and Welfare)
Cost PC ¥1,106,169 2016 Reimbursement Information Service

(Ministry of Health, Labor and Welfare)
Ultrasound ¥5,300 2016 Reimbursement Information Service

(Ministry of Health, Labor and Welfare)

Abbreviations: CHE, chemotherapy (Sorafenib); ECCM, extracellular contrast-media-enhanced; EOB, gadoxetic acid-
enhanced; LR, liver resection; CE-CT, contrast-media-enhanced computed tomography; MHLW, Ministry of Health, Labor
and Welfare; MRI, magnetic resonance imaging; PC, palliative care; RFA, radiofrequency ablation; TACE, transarterial
chemoembolization

Supplementary Table SIV. Utility values.

Variable Base case value Source

QoL: CHE 0.68 NICE technology appraisal guidance 189 (2010)
QoL: CPA No HCC 0.93 Hirao 2013
QoL: CPB No HCC 0.86 Hirao 2013
QoL: CPC No HCC 0.78 Hirao 2013
QoL: HCC 0.7 Hirao 2013
QoL: LR decrement (4 weeks) 0.17 Loveman et al. 2014
QoL: Liver transplant first 6 months 0.6 Arguedas et al. 2003 (Liver transplant, year 1)
QoL: Liver transplant long term 0.85 Arguedas et al. 2003 (Liver transplant year 2þ)
QoL: PC (Palliative care) 0.68 NICE technology appraisal guidance 189 (2010)
QoL: RFA decrement 0.09 Loveman et al. 2014
QoL: TACE decrement 0.13 Assumption: midpoint of LR and RFA decrement

Abbreviations: CHE, chemotherapy (Sorafenib); HCC, hepatocellular carcinoma; LR, liver resection; PC, palliative care; RFA,
radiofrequency ablation; TACE, transarterial chemoembolization
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Purpose: To assess the clinical accuracy and reproducibility of liver 
fat quantification with the multimaterial decomposition 
(MMD) algorithm, comparing the performance of MMD 
with that of magnetic resonance (MR) spectroscopy by 
using liver biopsy as the reference standard.

Materials and 
Methods:

This prospective study was approved by the institutional 
ethics committee, and patients provided written informed 
consent. Thirty-three patients suspected of having hepatic 
steatosis underwent non—contrast material–enhanced and 
triple-phase dynamic contrast-enhanced dual-energy com-
puted tomography (CT) (80 and 140 kVp) and single-voxel 
proton MR spectroscopy within 30 days before liver biopsy. 
Percentage fat volume fraction (FVF) images were gener-
ated by using the MMD algorithm on dual-energy CT data 
to measure hepatic fat content. FVFs determined by using 
dual-energy CT and percentage fat fractions (FFs) deter-
mined by using MR spectroscopy were compared with his-
tologic steatosis grade (0–3, as defined by the nonalcoholic 
fatty liver disease activity score system) by using Jonck-
heere-Terpstra trend tests and were compared with each 
other by using Bland-Altman analysis. Real non–contrast-
enhanced FVFs were compared with triple-phase contrast-
enhanced FVFs to determine the reproducibility of MMD 
by using Bland-Altman analyses.

Results: Both dual-energy CT FVF and MR spectroscopy FF in-
creased with increasing histologic steatosis grade (trend 
test, P , .001 for each). The Bland-Altman plot of dual-
energy CT FVF and MR spectroscopy FF revealed a pro-
portional bias, as indicated by the significant positive slope 
of the line regressing the difference on the average (P , 
.001). The 95% limits of agreement for the differences be-
tween real non–contrast-enhanced and contrast-enhanced 
FVFs were not greater than about 2%.

Conclusion: The MMD algorithm quantifying hepatic fat in dual-energy 
CT images is accurate and reproducible across imaging 
phases.

q RSNA, 2017
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dual-material decomposition using fat 
and healthy liver tissue as the material 
pair, and actual fat quantification is 
performed with a convex constrained 
least-squares problem (21). Second, 
the MMD algorithm can quantify 
liver fat content in both contrast- and 
non–contrast-enhanced data sets, as 
shown in rabbits (22). In the contrast-
enhanced case, virtual unenhancement 
(VUE) is applied by using a material 
triplet triangle consisting of fat, blood, 
and contrast agent before the above-
mentioned fat quantification. If the 
MMD algorithm shows clinical valid-
ity, patient radiation exposure may 
be reduced by omitting non–contrast-
enhanced scans. This is important, as 
most clinical CT liver imaging proto-
cols include multiphase contrast-en-
hanced scanning (23,24).

Assessment of the accuracy of the 
MMD algorithm in our phantom ex-
periments indicated its feasibility for 
evaluation of hepatic steatosis. This 
study therefore assessed the accuracy 
and reproducibility of liver fat quan-
tification with the MMD algorithm 
in a clinical setting, comparing the 

however, have limitations, including 
sampling errors, observer dependence 
(6–8), and invasiveness (9). Thus, in-
dicators of hepatic steatosis obtained 
with imaging methods, including ultra-
sonography (US), magnetic resonance 
(MR) imaging, and computed tomog-
raphy (CT), have been increasingly 
investigated as possible noninvasive 
alternatives to biopsy (10–14).

Measurements of CT attenuation 
can detect fatty liver according to the 
inverse relationship between liver fat 
content and liver attenuation (11,15). 
Although simple and convenient, this 
technique is semiquantitative (16) and 
may be unreliable in patients with less 
than 30% macrovesicular steatosis 
(17). Furthermore, it is impractical for 
contrast material–enhanced CT, as the 
presence of contrast material can skew 
attenuation measurements (11,18).

Liver fat was first quantified by 
using dual-energy CT in 1991 (19). 
Recent advances in dual-energy CT 
technology, including simultaneous 
acquisition and differentiation of high- 
and low-energy data sets, provide 
more accurate measurements of fat 
(20). A new multimaterial decompo-
sition (MMD) algorithm, available as 
a research tool since June 2013, has 
been developed to quantify liver fat 
for fast-kilovolt-peak switching dual-
energy CT (21,22). Evaluation with 
MMD has two advantages over evalu-
ation with conventional single-energy 
CT. First, hepatic fat is directly mea-
sured in percentage volume. The fat 
quantification is performed through 

Published online before print
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Advances in Knowledge

 n The multimaterial decomposition 
(MMD) algorithm generates fat 
volume fraction (FVF) images 
from dual-energy CT data, 
enabling quantification of liver fat 
content in a clinical setting.

 n Bland-Altman analyses of inter- 
and intraobserver agreement in 
liver fat measurements showed 
mean differences of 20.3% to 
0.01%.

 n Bland-Altman analysis demon-
strated a significant proportional 
bias between MMD-derived FVF 
and fat fraction estimated at MR 
spectroscopy (regression coeffi-
cient, 0.42; P , .001).

 n Bland-Altman comparison of FVF 
measurements with MMD 
between real non–contrast-
enhanced CT and each phase of 
contrast-enhanced CT showed 
agreement for the equilibrium 
phase (mean difference: 0.7% 
[limits of agreement, 20.8% to 
2.1%]), whereas it showed sys-
tematic bias according to the 
quadratic model for the arterial 
and portal venous phases (coeffi-
cient of quadratic term: 20.01 
for both; P values: .030 and 
.026, respectively).

Implications for Patient Care

 n The MMD algorithm adds clinical 
utility in the quantitative (in units 
of percentage volume) and visual 
assessment of liver fat content to 
dual-energy CT imaging.

 n The MMD algorithm is a prom-
ising technique for less-invasive 
assessment of hepatic fat con-
tent, as FVF data can be derived 
from the contrast-enhanced scan, 
eliminating the need for a sepa-
rate non-contrast CT scan to 
derive FVF.

The ability to quantify liver fat is 
becoming increasingly important 
for patient care. For example, 

early diagnosis of nonalcoholic fatty 
liver disease (NAFLD) is important, as 
NAFLD can progress from simple ste-
atosis to nonalcoholic steatohepatitis, 
fibrosis, and cirrhosis. About 20% of 
patients with a diagnosis of NASH pro-
gress to cirrhosis over a 10-year period 
(1). The earliest indication of NAFLD 
is hepatic steatosis, defined as accu-
mulation of more than 5% fat across 
the total hepatocyte area in histologic 
slices (2,3). In addition to fat quantity, 
other biopsy-related indicators, such 
as lobular inflammation, hepatocyte 
ballooning, and fibrosis, are necessary 
for proper patient diagnosis along the 
NAFLD spectrum (2,4,5). Biopsies, 
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370 mg I/mL (Iopamiron 370 100 mL; 
Bayer Yakuhin, Osaka, Japan) was used 
to limit the injection rates to 4.0 and 
3.0 mL/sec when contrast medium was 
administered through 20- and 22-gauge 
cannulae, respectively. Arterial phase 
scanning commenced manually 6 sec-
onds after the attenuation value in the 
region of interest in the abdominal 
aorta reached a plateau. The intervals 
between the arterial and portal venous 
phases and between the portal venous 
and equilibrium contrast-enhanced 
phases were 30 and 80 seconds, re-
spectively. Scan duration for the entire 
liver was 5 seconds per imaging phase. 
Hepatic fat volume fraction (FVF) im-
ages and monochromatic images were 
reconstructed from real non–contrast-
enhanced and all triple-phase contrast-
enhanced dual-energy CT data sets, 
as described in the CT Data Analysis 
subsection.

MR spectroscopy.—Patients were ex-
amined by using a 1.5-T clinical MR im-
aging unit (Signa HDxt; GE Healthcare) 
with a 12-channel body coil. For single-
voxel MR spectroscopy, the volume of 
interest of size 25 3 25 3 25 mm3 was 
set in the planned biopsy site in refer-
ence to axial, coronal, and sagittal plane 
single-shot fast spin-echo localizing im-
ages, taking care to avoid large vessels  
(Fig 2e and 2f). MR spectroscopic data 
were acquired by using single-shot 

apparatus. Formalin-fixed, paraffin-
embedded tissue slices were stained 
with hematoxylin-eosin or Masson tri-
chrome stain, and liver steatosis in all 
patients was graded by a single patholo-
gist (O.M., with 21 years of experience, 
who was blinded to the results of fat 
measurements at CT and MR imaging) 
using the NAFLD activity score (NAS) 
system, where NAS steatosis grades of 
0, 1, 2, and 3 indicated less than 5%, 
5%–33%, more than 33% to 66%, and 
more than 66% steatosis, respectively 
(2). Iron deposition was assessed by 
means of Berlin blue staining. The pa-
thologist also reviewed all biopsy spec-
imens and categorized them according 
to the classification system of Matteoni 
et al (5): type 1, simple steatosis; type 
2, steatosis with inflammation; type 3, 
steatosis with ballooned hepatocytes; 
and type 4, presence of either Mallory 
hyaline bodies or fibrosis. Patients with 
type 3 or 4 steatosis were considered to 
have nonalcoholic steatohepatitis.

Data Acquisition
Dual-energy CT.—A 64-channel multi-
detector CT scanner (Discovery CT750 
HD; GE Healthcare, Milwaukee, Wis) 
was used. Scanning parameters were 
as follows: dual-energy helical scanning 
with 80/140-kVp fast switching, 640 
mA; rotation time, 0.6 second; helical 
pitch, 1.375:1; image thickness and im-
age interval, 5.0 mm; and beam width, 
40 mm. After the non–contrast-en-
hanced (hereafter, real non–contrast-
enhanced) data acquisition, patients 
were given (through a 20- or 22-gauge 
plastic cannula in an antecubital vein) 
600 mg iodine per kilogram of body 
weight of nonionic contrast material 
containing 300–370 mg/mL iodine over 
a fixed duration of 30 seconds (27). Spe-
cifically, when administered through a 
20-gauge cannula, the contrast medium 
used for patients of less than 60 kg in 
body weight was iohexol 300 mg I/mL 
(Omnipaque 300 100 mL or 150 mL, 
Daiichi-Sankyo, Tokyo, Japan)—that 
is, the volume of contrast medium was 
100 mL (injection rate, 3.3 mL/sec) and 
120 mL (injection rate, 4.0 mL/sec) for 
patients weighing 50 kg and and those 
weighing 60 kg, respectively. Iopamidol 

performance of MMD with that of MR 
spectroscopy, with liver biopsy results 
used as the reference standard.

Materials and Methods

Two authors (P.L. and K.S.) are em-
ployees of GE, the manufacturer of the 
CT and MR imaging systems and the 
MMD software used in this study. The 
other authors (who are not GE em-
ployees) had control of the data and in-
formation that might present a conflict 
of interest for the employee authors.

Patients
This prospective study was approved 
by the institutional review board of the 
Kindai University Faculty of Medicine, 
and written informed consent was 
obtained from all patients. Of the 68 
patients suspected of having NAFLD 
(as determined by liver-kidney con-
trast at US (25) and/or elevated liver 
enzymes and no evidence of alcohol 
abuse) who underwent planned liver 
biopsy between February and October 
2012, 40 agreed to participate in this 
study. Sample size calculation was not 
performed for the convenience sam-
ple (26). All 40 patients underwent 
MR spectroscopy and triple-phase dy-
namic contrast-enhanced dual-energy 
CT fewer than 30 days prior to liver 
biopsy. Seven patients were excluded, 
two because of failure to acquire MR 
spectroscopy data and five because of 
insufficient scanning time for dynamic 
CT. This study therefore included 33 
patients: 21 women (mean age, 60 
years 6 11 [standard deviation]; range, 
30–75 years) and 12 men (mean age, 51 
years 6 7; range, 40–65 years) (Fig 1).  
The mean body mass index of the 33 
patients was 26.7 kg/m2 6 3.6 (range, 
18.6–33.3 kg/m2). The median interval 
between CT and biopsy was 10 days 
(range, 3–30 days) and that between 
CT and MR spectroscopy was 0 days 
(range, 0–14 days).

All percutaneous US-guided liver bi-
opsy specimens (each 2 cm in length) 
were obtained by a single hepatologist 
(N.Y., with 14 years of experience) us-
ing two passes from the right lobe with a 
Tru-Cut semiautomatic 18-gauge needle 

Figure 1

Figure 1: Flow diagram of patient enrollment.
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Figure 2

Figure 2: An example of liver fat measurements by using (a–d) dual-energy CT and (e, f ) MR spectroscopy in a 61-year-old man with NAFLD. The biopsy site was 
planned to be the superficial part of the anterior segment of the liver. However, the fields of measurement for MR spectroscopy and CT differed, as a result of avoiding 
large vessels with each modality. (a, b) Axial unenhanced CT images reconstructed as (a) a virtual monochromatic 70-keV image and (b) an FVF map. (c, d) Axial 
portal venous phase CT images reconstructed as (c) a virtual monochromatic 70-keV image and (d) an FVF map. Circles in a–d = locations of measurements. Fat 
content is measured as CT attenuation value (in Hounsfield units) on (a, c) virtual monochromatic images and as FVF (as a percentage) on (b, d) FVF maps. (e) Axial 
and (f ) coronal T2-weighted MR images show a single voxel of interest for MR spectroscopy (box) placed within the liver parenchyma. (g) The MR spectrum yielded a 
fat fraction (FF ) of 12%. (h) Liver biopsy specimen shows 30% macrovesicular steatosis, classified as grade 1. Slight perisinusoidal fibrosis (∗) was observed. CV = 
central venous, PV = portal venous. (Masson trichrome stain; original magnification, 340.)
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by using Bland-Altman analysis (30). 
Proportional bias was assessed with 
simple linear regression between the 
averages and the differences between 
FVF and FF (34).

To verify the accuracy of the VUE 
algorithm in MMD, the association be-
tween dual-energy CT FVF and scan 
phase, stratified by histologic grade of 
hepatic steatosis, was analyzed using a 
generalized estimating equation model 
with a Gaussian distribution of the 
dependent variable, an identity link 
function, and an independent working 
matrix (35). The same analyses were 
performed for CT attenuation values. 
Multiple comparisons of FVF among 
scan phases were assessed by using the 
Holm sequentially rejective Bonferroni 
procedure and Bland-Altman analyses. 
After we checked them for possible 
fixed bias, the Bland-Altman plots for 
agreement between data from each of 
the three (arterial, portal venous, and 
equilibrium) scan phases and those 
from the real non–contrast-enhanced 
scan seemed to show a quadratic re-
lationship between the means (x-axis) 
and the differences (y-axis); thus, we 
fitted the data to a second-order poly-
nomial (y = b0 + b1x + b2x

2) to compare 
the significance of coefficients and the 
Akaike information criterion (36) of 
the simple linear regression model (y 
= a0 + a1x).

Results

Figure 2 shows sample images in a pa-
tient. Of the 33 patients, four (12%) 
had a histopathologic diagnosis with 
no marked fat deposition, whereas 
six (18%), 17 (52%), and six (18%) 
patients had Matteoni classification 
types 1, 2, and 3, respectively. The 
histologic steatosis grades were grade 
0 in five patients (15%), grade 1 in 14 
patients (42%), grade 2 in 11 patients 
(33%), and grade 3 in three patients 
(9%). None of these patients showed 
evidence of increased iron at histologic 
examination.

Patient Radiation Dose
In all CT examinations, CTDIvol per 
scanning phase was 15.64 mGy. The 

Size-specific dose estimate was also 
assessed, as described (28), but was 
used only as a reference, as the cor-
rection factors had been generated for 
120 kVp.

Statistical Analysis
All statistical analyses except the power 
analysis were performed by using R 
software (Version 3.0.0: R Foundation 
for Statistical Computing, Vienna, Aus-
tria) (29). Averaged continuous data 
are reported as means with standard 
deviations. P , .05 was considered 
to indicate a statistically significant 
difference.

Inter- and intraobserver agreement 
were evaluated by using Bland-Altman 
analyses and interclass correlation co-
efficients (ICCs). Interobserver var-
iability was assessed by using mean 
results from each observer. In Bland-
Altman analysis, the 95% confidence 
interval (CI) for the limits of agreement 
was determined by using the Student 
t distribution (30). ICC was calcu-
lated by using two-way random single 
measures with an absolute agreement 
condition (ICC [2,1]) for interobserver 
agreement and one-way random single 
measures (ICC [1,1]) for intraobserver 
agreement. Because inter- and intrao-
bserver agreement were both high 
(see Results), mean values were used 
for further analysis.

Trends in dual-energy CT FVF (de-
termined only from real non–contrast-
enhanced data) and MR spectroscopy 
FF across histologic steatosis grades 
were each assessed by using the Jonck-
heere-Terpstra test (31). To ensure ade-
quate statistical power of the trend test, 
we performed a retrospective power 
analysis based on Monte Carlo simula-
tion (number of trials, 1000) with the 
StudySize software package (Version 
3.0; http://studysize.com/).

Receiver operating characteristic 
(ROC) analysis (32) was performed 
to determine areas under the curve 
and the optimal Youden index–based 
cutoff point (33) for each dual-energy 
CT FVF and MR spectroscopy FF to 
distinguish histologic grade 0 from 
grades 1–3. In addition, agreements 
between FVF and FF were assessed 

point-resolved spectroscopy with the 
following parameters: echo time, 28.0 
msec; number of signals averaged, one; 
spectral width, 1.5 kHz; number of sam-
pling points, 2048; and no dummy ra-
diofrequency excitation). A radiologic 
technologist (M.O., with 7 years of expe-
rience in MR spectroscopy of the liver) 
analyzed and quantified the MR spectro-
scopic data. Proton density percentage 
FF obtained from MR spectroscopy was 
expressed as the ratio of fat peak area 
to cumulative water and fat peak areas.

CT Data Analysis
The MMD-based fat quantification al-
gorithm displays FVF images, enabling 
quantitative and visual assessment of 
fat content in the liver. Percentage 
hepatic FVF images that were 5 mm 
thick were generated from each dual-
energy CT scan phase. By using an ad-
vanced workstation (AW VolumeShare 
5; GE Healthcare), three regions of in-
terest (ROIs) (size, 200 mm2) across 
three contiguous sections were placed 
in the planned biopsy site, with care 
to avoid large vessels. The mean value 
of the three ROIs was calculated. The 
copy function was used to determine 
dual-energy CT FVF at the same ROI 
location for all phases in each patient. 
Monochromatic images were gener-
ated at 70 keV by using 50% adap-
tive statistical iterative reconstruction 
(ASiR; GE Healthcare), and filtered 
back-projection blending and CT at-
tenuation values were measured at 
the same site in the same manner.

To determine inter- and intraob-
server agreement, dual-energy CT FVF 
was measured independently by two 
radiologists (T.H. and M.H., with 13 
and 17 years of experience in abdom-
inal imaging, respectively; both were 
blinded to the results of liver biopsy), 
each of whom repeated the measure-
ments after an interval of 2 weeks. 
During the second measurements, the 
readers were blinded to their prior 
measurements. Images within each 
measurement session were evaluated 
in randomized patient order.

The volumetric CT dose index (CT-
DIvol) and dose-length product report-
ed by the CT scanner were recorded. 
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associated with both FVF (b = 0.2; 
95% CI: 0.1, 0.3; P , .001) and CT 
attenuation values (b = 17.0; 95% 
CI: 16.0, 17.9; P , .001) (Table 2).  
However, for FVF, the coefficient for 
scan phase was smaller than that for 
histologic grading of hepatic steatosis 
(b = 6.0; 95% CI: 4.5, 7.6; P , .001). 
The Holm sequentially rejective Bon-
ferroni procedure showed that FVF did 

observed (regression coefficient, 0.42;  
P , .001, Fig 4).

Accuracy of VUE Algorithm in MMD
Changes in FVF and CT attenuation 
value over all scan phases and at each 
histologic steatosis grade are shown in 
Figure 5a and 5b, respectively. Gener-
alized estimating equation models re-
vealed that scan phase was significantly 

mean dose-length product of each 
phase was 533 mGy-cm 6 48 (range, 
444–624 mGy-cm). The mean effective 
diameter was 27 cm 6 2 (range, 22–31 
cm), and the mean patient size-specific 
dose estimate was 22 mGy 6 2 (range, 
19–26.7 mGy).

Inter- and Intraobserver Agreement of 
Dual-Energy CT FVF Measurements
Intra- and interobserver agreement 
of dual-energy CT FVF for each 
scan phase was very good. The cor-
responding Bland-Altman plots indi-
cated no bias (Figure E1 [online]). 
Mean differences for inter- and in-
traobserver agreement ranged from 
20.1% to 0.004% and from 20.3% to 
0.01%, respectively (Table 1). Intra-
class correlation coefficients for inter- 
and intraobserver agreement ranged 
from 0.994 to 0.997 and from 0.992 
to 0.999, respectively.

Comparison of Dual-Energy CT FVF and 
MR Spectroscopy FF
In this subsection, we deal with dual-
energy CT FVF, which was determined 
only from real non–contrast-enhanced 
data. The mean values for histologic 
steatosis grades 0, 1, 2, and 3 were 
2.2%, 6.3%, 13.8%, and 20.1% in 
dual-energy CT FVF and 3.7%, 9.5%, 
20.8%, and 34.5% in MR spectros-
copy FF, respectively. Both FVF and 
FF increased with increasing histo-
logic steatosis grade (P = .001 for 
each trend test) (Fig 3). The statis-
tical power of the trend test for FVF 
was 0.79. ROC analyses for discrimi-
nation between histologic grade 0 and 
grades 1–3 yielded areas under the 
curve of 0.88 (95% CI: 0.74, 0.98) for 
FVF and 0.89 (95% CI: 0.72, 1.00) 
for FF. A cutoff of 4.6% for FVF had a 
sensitivity of 82% (23 of 28), a speci-
ficity of 100% (five of five), a positive 
predictive value (PPV) of 100% (23 of 
23), and a negative predictive value 
(NPV) of 50% (five of 10), whereas a 
cutoff of 9.5% for FF had a sensitiv-
ity of 71% (20 of 28), a specificity of 
100% (five of five), a PPV of 100% (20 
of 20), and an NPV of 38% (five of 13). 
The Bland-Altman plot showed a pro-
portional bias, as a positive slope was 

Table 1

Intra- and Interobserver Agreement of Fat Quantification with Dual-Energy CT

MMD Measurement and Type of Agreement Mean Difference (%) Intraclass Correlation Coefficient

Non–contrast enhanced
 Interobserver 20.1 (20.8, 0.6) 0.997 (0.995, 0.999)
 Intraobserver 1 20.1 (20.6, 0.4) 0.998 (0.997, 0.999)
 Intraobserver 2 20.02 (20.5, 0.4) 0.999 (0.998, 1.000)
Arterial phase
 Interobserver 20.06 (20.9, 0.8) 0.997 (0.994, 0.998)
 Intraobserver 1 20.2 (21.5, 1.1) 0.992 (0.984, 0.996)
 Intraobserver 2 0.01 (20.9, 0.9) 0.996 (0.993, 0.998)
Portal venous phase
 Interobserver 0.004 (21.0, 1.0) 0.996 (0.991, 0.998)
 Intraobserver 1 20.3 (21.0, 0.5) 0.996 (0.993, 0.998)
 Intraobserver 2 20.07 (20.6, 0.4) 0.999 (0.998, 0.999)
Equilibrium phase
 Interobserver 20.1 (21.2, 1.0) 0.994 (0.988, 0.997)
 Intraobserver 1 20.3 (21.5, 0.9) 0.992 (0.984, 0.996)
 Intraobserver 2 20.01 (20.6, 0.6) 0.998 (0.996, 0.999)

Note.—The data were evaluated by using Bland-Altman analysis, which yielded the mean difference and the limits of agreement 
(in parentheses) and intraclass correlation coefficients with 95% CIs (in parentheses) for reproducibility between two observers.

Figure 3

Figure 3: Box plots of FFs measured with both (a) dual-energy CT (FVF
DECT 

) and (b) MR spectroscopy 
(FF

MRS 
) in patients with different histologic grades of steatosis. At Jonckheere-Terpstra trend testing, in-

creases in FVF and FF were significantly related to increase in histologic grade (P = .001 for both).
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The coefficients of the simple linear 
models were not significant in the ar-
terial, portal venous, or equilibrium 
phases (a1: 0.03, 0.03, and 20.01, re-
spectively; respective P values: .210, 
.303, and .811). The coefficients for 
the quadratic term in the second-order 
polynomial regression models were 
statistically significant for the arterial 
and portal venous phases (b2: 20.01 
for both; respective P values: .030 
and .026) and were not significant for 
the equilibrium phase (b2 = 20.01; P 
= .062). The second-order regression 
model showed a smaller Akaike infor-
mation criterion (implying a better 
model) than the first-order regression 
across the arterial, portal venous, and 
equilibrium phases (102.1 vs 105.4, 
110.1 vs 113.6, and 102.1 vs 104.0, re-
spectively). The plots showed that FVF 
from the arterial and portal venous 
phases tended to be larger than that 
from real non–contrast-enhanced data 
at mean FVF 10%–20% (Fig 6a and 
6b). The mean difference was 0.7%, 
and the limits of agreement were 
20.8% to 2.1% for the equilibrium 
phase (Fig 6c).

Discussion

US, CT, and MR imaging are all use-
ful imaging modalities for assessing 
patients with hepatic disease. MR im-
aging techniques are generally consid-
ered more precise for quantifying liver 
fat. This is shown by the ability of each 
modality to help distinguish histologic 
grade 0 from grades 1–3 (ie, detection 
of . 5% liver fat). For example, the 
area under the ROC curve, the optimal 
cutoff value, and its corresponding PPV 
and NPV were reported as 0.88, 233 
dB/m, 75%, and 87%, respectively, 
for the controlled attenuation parame-
ter (37) at US (10); 0.93, 1.5%, 90%, 
and 91% at dual-echo chemical shift 
MR imaging (12); 0.99, 6.4%, 100%, 
and 71%, respectively, on the six-point 
Dixon MR imaging method (13); 0.97, 
1.8%, 88%, and 91%, respectively, 
at MR spectroscopy (12); and 0.76, 
54 HU, 74%, and 70%, respectively, 
for CT attenuation at non–contrast-
enhanced single-energy CT (120 kVp) 

enhancement. Bland-Altman analyses 
of FVF between real non–contrast-
enhanced CT data and each phase of 
contrast-enhanced CT data (Fig 6) 
evaluated proportional bias as follows: 

not differ significantly in all compari-
sons of scan phases (P . .05) for each 
histologic steatosis grade. These re-
sults indicate that there was no signif-
icant difference in FVF after contrast 

Figure 4

Figure 4: Bland-Altman plots show absolute differences in FFs determined by 
dual-energy CT (FVF

DECT 
) and MR spectroscopy (FF

MRS 
). Note the slightly skewed 

distribution of the data, as shown by the sloping regression line (blue line) with 
95% CIs for limits of agreement (gray area). The linear regression equation with 
coefficient of determination, R 2, and P value are shown.

Figure 5

Figure 5: Line charts show changes in (a) FVF obtained with MMD (FVF
DECT 

) and (b) CT attenuation 
values at 70 keV over scan phases. Both charts are colored to show the histologic steatosis grade with the 
NAFLD activity score system (S 0–3). Means with error bars (95% CIs) are shown. FVF showed an overlap of 
95% CIs through the scan phases in each histologic grade, whereas CT attenuation values increased after 
contrast enhancement, peaking during the portal venous (PV ) phase. A = arterial, Eq = equilibrium, non-CE 
= non–contrast enhanced. 
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than by the fat quantification step of 
the MMD algorithm, because our phan-
tom study showed a linear relationship 
between FVF and the measured ref-
erence values of fat in the absence of 
iodine (38). Thus, hepatic or systemic 
hemodynamics, which are related to 
the iodine content of the liver accord-
ing to arterial and portal venous phase 
images, may vary among patients with 
amounts of hepatic fat corresponding 
to an FVF of about 10%–20%. Addi-
tionally, FVF tended to be larger during 
the equilibrium phase, though the dif-
ference was not statistically significant 
from real non–contrast-enhanced data. 
Contrast material removal by means 
of the VUE step is a key component 
to liver-fat quantification with MMD, 
and errors in this step can manifest as 
incorrect FVF measurements. There-
fore, this may indicate that the VUE 
step needs to be modified to account 
for the different contrast enhancement 
that can be seen on arterial and portal 
venous phase images. Our data showed 
that the differences that fall within 
limits of agreements were not greater 
than about 2% in Bland-Altman plots 
of all three phases of dynamic contrast-
enhanced CT data. This was considered 
clinically acceptable, as the degree of 
hepatic steatosis is histologically as-
sessed on the basis of more than 5% 
(2). The equilibrium phase data are the 
best alternative to real non–contrast-
enhanced data for liver-fat volume 
quantification among the three phases 
of dynamic contrast-enhanced data, 
considering that no proportional bias 
could be detected in the equilibrium 
phase. An attempt should be made to 
see if the same applies to larger patient 
cohorts and cohorts in which the pa-
tient habitus is larger.

In this study, dual-energy CT exam-
inations were performed by using the 
first generation of CT750HD (2009) 
with a fixed current (640 mA), re-
sulting in a CTDIvol of 15.64 mGy per 
scan. This value was comparable to the 
dose for conventional single-energy CT 
with fixed current but is now consid-
ered high. Introduction of the second 
generation (2011) has made more scan 
preset variations (combinations of tube 

increase in material such as iron (39). 
Iron uptake was not observed in any bi-
opsy specimens in our study, but that 
does not rule out the possibility that 
the measurement site for CT and MR 
spectroscopy included iron because 
of differences in the size and location 
of the object among the methods, as 
discussed below. This consideration is 
partially supported by previous studies 
(20,40) and our phantom experiments 
(38). Additionally, our MR spectros-
copy protocol used a single echo time, 
preventing application of T2 correction. 
Thus, the possible presence of pre-
existing iron may have resulted in FF 
overestimating liver fat more than if T2 
correction had been applied (40). The 
discrepancies between dual-energy CT 
and MR spectroscopy measurements 
were large enough to prevent consistent 
assessment of hepatic steatosis, which 
suggests the need for follow-up studies 
using the same method.

In addition to fat content, the de-
grees of fibrosis and inflammation are 
also important in assessing hepatic 
steatosis (2). These parameters should 
be evaluated separately, using methods 
such as blood tests and elastography 
techniques based on US or MR imaging.

Bland-Altman analyses suggested 
that FVF from the arterial and portal 
venous phases is larger than that from 
real non–contrast-enhanced data at 
FVF values of about 10%–20%. The 
quadratic relationship, though possibly 
caused by outlier(s), was considered 
to be caused by the VUE step rather 

(12). In our study, the areas under 
the ROC curves were comparable for 
dual-energy CT FVF and FF, and dual-
energy CT had a practical cutoff of ap-
proximately 5% and a PPV of 100%. 
However, the derivation of thresholds 
from the test set without independent 
testing by using the validation set tends 
to overestimate accuracy, indicating 
the need for further validation.

The MMD algorithm allowed direct 
measurement of fat content in units of 
percentage volume, enabling a direct 
comparison between dual-energy CT 
FVF and MR spectroscopy FF in Bland-
Altman analysis. It should be noted that 
fat content at MR spectroscopy is esti-
mated according to the ratio of proton 
density between fat and water in un-
derlying tissues rather than relative to 
volume. Strictly speaking, therefore, it 
would not be appropriate to consider 
the MR spectroscopy results as indicat-
ing FVF, unless the relationship between 
signal intensity and fat volume is defined 
by using standard curves. This defini-
tion was utilized in our phantom study 
(38), for example. Although this was 
a limitation, this comparison revealed 
systematic proportional bias, indicating 
that either FVF led to underestimation 
or that FF led to overestimation of fat 
content in patients with more fat in the 
liver. Our phantom study (38) showed 
a similar trend, but the difference in 
measured fat content between FVF and 
FF was larger in the clinical study than 
in the phantom study. Other causes 
may include a steatosis-associated 

Table 2

GEE Models of CT Attenuation Value and FF Obtained from Dual-Energy CT Data by 
Using MMD Algorithm as a Function of Scan Phase and Histologic Steatosis Grade

Variable Coefficient
Robust Standard Error for 
Estimated Coefficient P Value

FVF according to MMD
 Scan phase 0.2 (0.1, 0.3) 0.06 ,.001
 NAS steatosis grade 6.0 (4.5, 7.6) 0.8 ,.001
CT attenuation value
 Scan phase 17.0 (16.0, 17.9) 0.5 ,.001
 NAS steatosis grade 214.0 (217.5, 210.5) 1.9 ,.001

Note.—GEE = generalized estimating equation, NAS = NAFLD activity score. Data in parentheses are 95% CIs.
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the entire liver reconstructed with the 
MMD algorithm can help gauge the 
spatial distribution of fat in the liver 
more quickly and easily.

In addition, MR spectroscopy and 
CT lump triglycerides and the other lipid 
fractions (eg, cell membrane lipids) to-
gether as fat contents whereas biopsy 
specimens are specifically assessed for 
the amount of triglycerides. This may 

5–10 mm3, respectively). Each is sized 
appropriately for the given method, 
and we attempted to evaluate the same 
hepatic site. However, it is possible that 
we correlated different objects with fat 
content between the methods. Hepatic 
fat may be homogeneous or heteroge-
neous, complicating this problem, as 
often seen in clinical practice. From 
the other perspective, a fat map of 

current and rotation speed) available 
(41). The scan presets can be tailored 
to a targeted CTDIvol for a compara-
ble single-energy scan using automatic 
tube-current modulation.

This study had several limitations, 
including regarding object correspon-
dence. We compared data from CT, MR 
spectroscopy, and needle biopsy, which 
differ in sample size (1500, 15 625, and 

Figure 6

Figure 6: Bland-Altman plots show limits of agreement between percentage FVFs assessed by using non–contrast-enhanced CT (non-CE) and those assessed 
by using the (a) arterial (A), (b) portal venous (PV

 
), and (c) equilibrium (Eq) phases at contrast-enhanced CT. The quadratic fit reached significance in a and b; thus, 

fitting curves (blue) with 95% CIs (gray area) and the regression equation with adjusted R
 
2 and the P value are shown. Proportional bias was not evident according to 

linear (y = a
0
 + a

1
x) or quadratic (y = b

0
 + b

1
x + b

2 
x2) functions in c, so the mean of the differences (solid line) and the upper and lower limits of agreement (dotted 

lines) are shown.
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ABSTRACT

Although long-standing colonic inflammation due to refractory inflammatory 
bowel disease (IBD) promotes the development of colitis-associated cancer (CAC), 
the molecular mechanisms accounting for the development of CAC remains largely 
unknown. In this study, we investigated the role of gankyrin in the development of 
CAC since gankyrin is overexpressed in sporadic colorectal cancers. We analyzed 
gene expression of colon tissues obtained from 344 patients with IBD and CAC and 
found that expression of gankyrin was much higher in colonic mucosa of patients 
with refractory IBD than in those with IBD in remission. Expression of gankyrin 
was upregulated in inflammatory cells as well as tumor cells in colonic mucosa of 
patients with CAC. Over-expressing studies utilizing tagged ganlyrin-cDNA identified 
physical interaction between ganlyrin and Src homology 2-containing protein tyrosine 
phosphatase-1 (SHP-1). Importantly, the interaction between ganlyrin and SHP-
1 leads to inhibition of STAT3 activation and to enhancement of TNF-α and IL-17 
in inflammatory cells. To further address the role of gankyrin in the development 
of CAC, we created mice with intestinal epithelial cell-specific gankyrin ablation 
(Vil-Cre;Gankyrinf/f) and deletion of gankyrin in myeloid and epithelial cells (Mx1-
Cre;Gankyrinf/f). Gankyrin deficiency in myeloid cells, but not in epithelial cells, 
reduced the activity of mitogen activated protein kinase and the expression of stem 
cell markers, leading to attenuated tumorigenic potential. These findings provide 
important insights into the pathogenesis of CAC and suggest that gankyrin is a 
promising target for developing therapeutic and preventive strategies against CAC.

INTRODUCTION

Colorectal cancer is one of the most leading causes 
of cancer-related death worldwide [1, 2]. Inflammatory 
bowel diseases (IBD); ulcerative colitis (UC) and 
Crohn’s disease (CD) are thought to result from aberrant 
activation of the intestinal immune system [3] and are 
major risk factors for colorectal cancer, so-called colitis-

associated cancer (CAC) [4]. Indeed, patients with IBD 
with refractory and longstanding colitis bear higher risk of 
colorectal cancer than individuals in the general population 
[5]. However, the exact molecular mechanisms underlying 
CAC remain unclear. In our previous reports, we found 
that stress response proteins induced in longstanding 
inflamed mucosa promote the development of CAC [6, 7]. 
In addition, we found that heat shock protein A4 (HSPA4) 
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expression could predict poor therapeutic response to 
steroid in IBD patients. These data suggest that persistent 
inflammation can result in treatment resistance and 
refractory clinical course, then thereby increase the risk 
of CAC in IBD due to enhanced stress protein responses.

Gankyrin (also known as PSMD10, p28 and Nas6p) 
is an oncoprotein overexpressed in many malignancies 
including hepatocellular carcinoma, cholangiocellular 
carcinoma, colorectal cancer and lung cancer [8–12]. 
Given the fact that gankyrin enhances proliferation and 
death evasion in cancer cell lines [13–15], uncontrolled 
cell-autonomous events underlie the pathogenesis of cancer 
development through over-expression of ganlyrin. It should 
be noted, however, that the tumor microenvironment 
makes a major contribution and influences the physiology 
of malignant cells [16] in addition to cell-autonomous 
events such as proliferation and death evasion. At present, 
little has been understood regarding the involvement of 
gankyrin in inflammation-associated cancer.

Here we examined whether gankyrin plays a role 
in inflammation-associated tumorigenesis in the colon 
using a murine CAC model in which two kinds of tissue-
specific gankyrin-deficient mice, intestinal epithelial cell-
specific gankyrin ablation (Vil-Cre;Gankyrinf/f) mice and 
deletion of gankyrin in both myeloid and epithelial cells 
(Mx1-Cre;Gankyrinf/f) mice, were employed. We found 
that expression of gankyrin in myeloid cells rather than 
in epithelial cells is required for efficient tumorigenesis. 
Mechanistically, binding of gankyrin to SH2-containing 
protein tyrosine phosphatase-1 (SHP-1, also known as 
PTPN6) enhances the pro-inflammatory cytokine responses 
in myeloid cells through activation of signal transducer 
and activator of transcription-3 (STAT3) [17, 18] and 
then promotes colorectal tumorigenesis. Consistent with 
these results, refractory inflammation is associated with 
increased gankyrin expression in the colonic mucosa of 
patients with refractory IBD, which would increase the risk 
for CAC. Taken together, this study provides the evidence 
that gankyrin expression underlie the pathogenesis of 
inflammation-associated tumorigenesis.

RESULTS

Gankyrin expression is increased in the colonic 
mucosa of patients with refractory IBD

In our previous study, we showed that longstanding 
intestinal inflammation increases the expression of stress 
response proteins including HSPA4 in the colonic mucosa 
of IBD patients. Interestingly, such increased expression 
of HSPA4 was accompanied by that of gankyrin, 
which suggests possible involvement of ganlyrin in the 
development of long-standing colonic inflammation [7]. 
Based on these data, in this study we addressed whether 
an association exists between gankyrin expression and the 
clinical status of IBD patients. For this purpose, we obtained 
colonic biopsy specimens from patients with refractory 

IBD, non-refractory IBD, and IBD in remission. The 
disease characteristics were shown in Supplementary Table 
1. Gankyrin expression levels were increased in patients 
with refractory IBD as compared with those in controls or 
IBD patients in remission (Figure 1A, 1B). By contrast, no 
significant difference was seen in gankyrin expression levels 
between non-refractory IBD patients and those in remission 
(Figure 1B), Serum albumin levels were significantly lower 
and Mayo endoscopic scores were significantly higher 
in non-refractory and refractory IBD patients than those 
in IBD patients in remission (Table S1). Thus, gankyrin 
expression was associated with the disease activity of IBD.

We then performed immunohistochemical studies 
to identify the cells expressing gankyrin in the human 
colon tissues. Gankyrin expression was enhanced in 
inflammatory cells as well as epithelial cells in chronically 
inflamed mucosa (Figure 1A). In addition, gankyrin 
expression was up-regulated in all human CAC cases 
(total n=10) and was detected in inflammatory cells as 
well as epithelial cells and tumor cells (Figure 1A). Taken 
together, these data suggest that expression of gankyrin 
is up-regulated in inflammatory cells, epithelial cells, 
and tumor cells in the colonic mucosa of patients with 
refractory IBD and CAC.

Gankyrin expression is correlated with 
expression of pro-inflammatory cytokines and 
stem cell markers

It is generally accepted that colonic mucosa of 
patients with IBD is characterized by pro-inflammatory 
cytokine responses. Th17 pathways induced by myeloid 
cell production of IL-6 and IL-23 have been implicated in 
the immuno-pathogenesis of IBD [19]. Therefore, we next 
assessed the relationship between pro-inflammatory Th17 
responses and gankyrin expression in colonic mucosa of 
IBD. To this end, expression levels of IL-6, IL-23p19, and 
IL-17A were determined. Gankyrin expression correlated 
weakly but significantly with IL-6 expression with a linear 
coefficient of 0.26 in the colonic mucosa of UC patients 
but not of CD patients (Supplementary Figure 1A-1B). A 
significant correlation was seen between Gankyrin and 
IL-17A or IL-23p19 mRNA expression in UC patients 
(Figure 1C–1D). Thus, it is likely that gankyrin could act 
in concert with pro-inflammatory Th17 responses to cause 
chronic colonic inflammation.

Having obtained positive correlation between pro-
inflammatory cytokine responses and ganlyrin, we next 
turned our attention to a linkage between expression 
levels of gankyrin and stem cell markers. Leucine-rich 
repeat-containing G-protein-coupled receptor 5 (Lgr5) is a 
prototypical marker of the self-renewing multipotent adult 
stem cell populations residing in intestinal crypts that mediate 
regeneration of the intestinal epithelium [20]. Lgr5 expressed 
in intestinal stem cells has also been shown to self-renew and 
continuously replenish tumor progeny [21]. B cell-specific 
Moloney murine leukemia virus insertion site 1 (Bmi1) 
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is frequently overexpressed in human sporadic colorectal 
cancer and the degree of upregulation correlates with disease 
progression and is predictive of poor patient survival [22]. 
In mice, Bmi1 is required for intestinal tumorigenesis [23]. 
In UC patients, a significant correlation was found between 
Lgr5 and Bmi1 expression (Supplementary Figure 1C). 
Interestingly, gankyrin expression significantly correlated 
with Bmi1 and Lgr5 expression with linear coefficients of 
0.52 and 0.27, respectively in UC and correlated with Bmi1 
expression in CD (Figure 1E and Supplementary Figure 1D–
1E). Although gankyrin expression was shown to correlate 
with stemness factor Nanog expression in human sporadic 
colorectal cancer in previous study [10], no significant 
correlation was found between the expression of these genes 
in IBD patients (Supplementary Figure 1F). This positive 
correlation between gankyrin and Lgr5 or Bmi1 suggests 
that gankyrin might be related with cancer stem cell behavior 
in IBD patients.

Gankyrin deficiency attenuates tumorigenesis in 
the murine CAC model

Chronic inflammation increases intestinal cancer 
risk in IBD [24]. To investigate the precise pathogenic 
mechanisms underlying IBD-associated colorectal 
carcinogenesis, we used the AOM plus DSS mouse model 
to study the role of gankyrin in CAC. Since gankyrin 
expression was up-regulated in a wide variety of cells 
including immune cells, epithelial cells, and tumor cells 
in human IBD and CAC samples, we initially tried to 
determine the role of gankyrin in the AOM-DSS mouse 
model. To this end, we created Gankyrinf/f mice (Figure 
2A) and then crossed with Mx1-Cre mice to generate 
Mx1-Cre-driven gankyrin deficient mice (termed Mx1-
Cre;Gankyrinf/f mice).

In the AOM/DSS protocol, a significant decrease 
was noted in the number and maximum size of tumors in 

Figure 1: Gankyrin expression is increased in the colonic mucosa of patients with refractory IBD. A. Representative 
images of immunohistochemical findings in human colonic mucosa of patients without IBD and those with refractory UC and human 
colitis-associated cancer (CAC) using anti-gankyrin antibody. Scale bar, 100 μm. B. Expression of gankyrin mRNA in normal colonic 
mucosa (Control, n = 54), colonic mucosa of IBD patients in remission (In remission, n = 47), those with non-refractory active IBD (Non-
refractory, n = 115), and those with refractory IBD (Refractory, n = 128), as determined by quantitative real-time qPCR. P values were 
calculated by post-hoc Tukey-Kramer HSD multiple comparison. C-E. Scatter plot of relative mRNA levels of gankyrin and the respective 
genes in human colonic mucosa.
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Figure 2: Gankyrin deficiency in myeloid cells attenuates tumorigenesis in the murine CAC model.A. Construction of 
the wild-type allele, targeting vector, floxed allele and deleted allele of the mouse Gankyrin gene. The targeting vector contained the neor 
cassette for selection, and loxP fragments were located on both sides of exon 1 to delete this exon. B. Typical examples of macroscopic 
tumorigenesis in the CAC model. Gankyrinf/f (GKf/f) mice and Mx1-Cre;Gankyrinf/f (Mx1-Cre;GKf/f) mice were challenged with AOM and 
DSS, and colons were cut longitudinally. C, D. Tumor number (C) and maximum size (D, GKf/f mice, n = 10; Mx1-Cre;GKf/f mice, n = 10). 
E. Mx1-Cre;GKf/f mice and GKf/f mice were challenged with AOM and DSS. Representative images of immunohistochemical detection 
of gankyrin are shown. Scale bar, 100 μm. F. Colon length after treatment with AOM and DSS. GKf/f mice, n = 6; Mx1-Cre;GKf/f mice, n 
= 6. Data are means ± SEM. *P < 0.05 compared with GKf/f mice. G. Inflammatory cell infiltration into colonic tissues of GKf/f mice and 
Mx1-Cre;GKf/f mice 7 days after the initiation of DSS administration. GKf/f mice, n = 5; Mx1-Cre;GKf/f mice, n = 5. Data are means ± 
SEM. *P < 0.05 compared with GKf/f mice. H. Typical examples of macroscopic tumorigenesis in the CAC model. GKf/f mice and Villin-
Cre;Gankyrinf/f (Vil-Cre;GKf/f) mice were challenged with AOM and DSS, and colons were cut longitudinally.
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the Mx1-Cre;Gankyrinf/f mice compared with Gankyrinf/f 
controls (Figure 2B–2D). These tumors were located in 
the middle to distal colon, which is similar to human CAC. 
In Gankyrinf/f mice, gankyrin expression was detected 
in both epithelial and in lamina propria immune cells 
of non-tumor colonic tissue by immuno-histochemical 
analysis. In the colonic tumor lesions, both tumor cells 
and surrounding stromal cells expressed gankyrin protein 
(Figure 2E). Gankyrin expression was much lower both in 
myeloid and epithelial cells of non-tumor colonic tissue 
of Mx1-Cre;Gankyrinf/f mice as compared with Gankyrinf/f 
controls. Gankyrin was absent in most of tumors of Mx1-
Cre;Gankyrinf/f mice; however, a few tumors expressed 
gankyrin protein (Figure 2E and Supplementary Figure 
2A). Thus, these data utilizing the AOM-DSS model 
suggest that gankyrin expression in myeloid cells and/or 
epithelial cells is associated with the development of CAC.

We next assessed the effects of gankyrin deletion on 
the chronic inflammatory responses in this model. Colon 
length was measured as one parameter to evaluate the 
severity of inflammation and was found to be significantly 
longer in Mx1-Cre;Gankyrinf/f mice than in Gankyrinf/f 
mice (Figure 2F). Pathological analysis of non-tumor 
portions showed a marked infiltration of immune cells in 
Mx1-Cre;Gankyrinf/f mice as compared with Gankyrinf/f 
mice (Supplementary Figure 2B). No differences in body 
weight could be detected between Mx1-Cre;Gankyrinf/f 
mice and Gankyrinf/f mice during the CAC regimen 
(Supplementary Figure 2C).

To assess the effect of gankyrin on acute 
inflammation, experimental colitis was induced by 
treating mice with 2.5% DSS for 7 days. The degree of 
inflammatory cell infiltration into the colon was lower in 
Mx1-Cre;Gankyrinf/f mice than in Gankyrinf/f mice (Figure 
2G and Supplementary Figure 3A). Apoptosis detected by 
TUNEL staining was observed primarily in the colonic 
crypts and was not affected by gankyrin disruption 
(Supplementary Figure 3B). In addition, no significant 
difference in body weight was found during the seven-
day colitis regimen (Supplementary Figure 3C). These 
data altogether suggest that loss of gankyrin expression 
in hematopoietic and non-hematopoietic cells leads to the 
prevention of CAC development through the attenuation 
of inflammatory responses.

Gankyrin in myeloid cells is critical for efficient 
tumorigenesis in the murine CAC model

To functionally characterize the contribution of 
different cell populations to colitis development, we 
created bone marrow-chimeric mice using a combination 
of gamma irradiation and bone marrow transplantation 
(BMT). Non-transplanted irradiated mice survived less 
than 2 weeks after irradiation, indicating successful 
deletion of BM cells by gamma irradiation. Irradiated 
animals that received BMT were allowed to recover 

for 2 months prior to placing them on the DSS-induced 
colitis protocol. Inflammatory cell infiltration scores of 
irradiated gankyrin-intact mice harbouring gankyrin-
deficient BM cells was lower than those harbouring 
gankyrin-intact BM cells (Supplementary Figure 3D), 
which indicates that gankyrin expressed in hematopoietic 
cells is involved in the attenuated inflammation observed 
in Mx1-Cre;gankyrinf/f mice. To address the therapeutic 
ability of gankyrin inhibition, we injected poly(I:C) 
into Mx1-Cre;Gankyrinf/f mice and deleted gankyrin 
after the initiation of DSS treatment. Inflammation was 
slightly attenuated by gankyrin deletion after the DSS 
treatment (Supplementary Figure 3E). Consistent with 
the data shown above, flow-cytometric analysis revealed 
that CD3+ T cells, CD11b+ myeloid cells, and CD20+ B 
cells were positive for intracellular gankyrin expression 
(Supplementary Figure 4A).

In Mx1-Cre;Gankyrinf/f mice, gankyrin was 
deleted in the liver as well. To confirm the role of 
gankyrin expression in the colon, we created Albumin-
Cre;gankyrinf/f mice where gankyrin is deficient only in 
the liver (Sakurai et al., unpublished data) and compared 
Albumin-Cre;gankyrinf/f mice and gankyrinf/f mice in 
colitis model. No difference in DSS-induced colonic 
inflammation was seen between Albumin-Cre;gankyrinf/f 
mice and gankyrinf/f mice (Supplementary Figure 4B), 
suggesting that gankyrin deficiency in the colon, but 
not the liver, affects the phenotype observed in DSS-
challenged Mx1-Cre;gankyrinf/f mice.

Mice lacking gankyrin only in their intestinal 
epithelial cells (Vil-Cre;Gankyrinf/f mice) and their 
littermate controls (Gankyrinf/f mice) were challenged 
with AOM and DSS to confirm a role of myeloid cells 
expressing gankyrin. Deletion of gankyrin in enterocytes 
did not show gross abnormalities. No significant 
differences were seen in tumor numbers or maximum 
sizes between Vil-Cre;Gankyrinf/f mice and control 
Gankyrinf/f mice in the murine CAC model (Figure 2H 
and Supplementary Figure 5A-5B). Collectively, these 
data suggest that gankyrin promotes tumorigenesis mainly 
through its actions in myeloid cells rather than epithelial 
cells.

Gankyrin interacts with SHP-1 in myeloid cells

To further characterize the tumorigenic activity of 
gankyrin, we performed a yeast two-hybrid assay using 
the full length of gankyrin as bait, and found that gankyrin 
bound to SHP-1 in the yeast. To confirm that gankyrin 
interacts with SHP-1 in mammalian cells, U-2 OS cells 
were co-transfected with plasmids expressing HA-tagged 
human gankyrin and FLAG-tagged SHP-1. When cell 
lysates were immunoprecipitated with an anti-FLAG 
antibody, HA-gankyrin was detected in the precipitates. 
Reciprocally, SHP-1 was detected in the anti-HA 
immunoprecipitates from cells co-transfected with plasmid 
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expressing HA-gankyrin and FLAG-SHP-1 (Figure 3A). 
Thus, a physical interaction between gankyrin and SHP-1 
was confirmed in over-expression studies.

We next addressed a physioligical role played by 
the interaction between ganlyrin and SHP-1 in AOM-
DSS model. In Gankyrinf/f mice challenged with AOM 
and DSS, SHP-1 was expressed mainly in inflammatory 
or stromal cells as well as tumor cells (Figure 3B). Double 
immunofluorescence staining showed that both gankyrin 

and SHP-1 proteins were co-localized in the cytoplasm 
and the nucleus of these cells (Figure 3C). Finally, we 
employed, the Duolink Assay for the visulalization of 
interaction between gankyrin and SHP-1. The molecular 
interaction between ganlyrin and SHP-1 visualized as red 
punctate dots were mainly seen in non-epithelial cells, 
but not epitherlila cells (Figure 3D). These data suggest 
that the molecular interaction between gankyrin and SHP-

Figure 3: Gankyrin interacts with SHP1 in vitro and in vivo. A. Coimmunoprecipitation (IP) of exogenous proteins. U-2 OS cells 
were cotransfected with plasmids expressing HA-gankyrin and FLAG-SHP-1. Immunoprecipitates prepared by IP with indicated antibodies 
were analyzed by western blotting (WB). B. Representative images of immunohistochemical detection of SHP-1 in colonic tissues and 
tumors of Gankyrinf/f mice treated with AOM and DSS. Scale bar, 100 μm. C. Representative images of immunohistochemical detection 
of SHP-1 and gankyrin in colonic tissues from tumor-harboring Gankyrinf/f mice. D. Interaction of gankyrin with SHP-1 was assessed by 
Duolink Assay in AOM/DSS-treated Gankyrinf/f mice. E. Lysates from THP-1 cells transfected with gankyrin RNAi (GK siRNA) or control 
RNAi (Control) were analyzed by WB using indicated antibodies.
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1 is operating in non-epithelila cells i.e., hematopoietic 
myleloid cells, in AOM-DSS model.

Interaction of gankyrin with SHP-1 results in 
activation of STAT3 and MAP kinase

SHP-1 is well-known inhibitor of activation-
promoting signaling cascades in hematopoietic cells [25] 
and negatively regulates signaling by dephosphorylating 
STAT3, ERK, JNK and p38 [17, 18, 26, 27]. Having 
obtained the induction of gankyrin-SHP1 interaction in 
hematopoietic cells, we next assessed the effects of such 
interaction on these signaling pathways in myeloid cells. 
To this end, we utilized THP-1 cells, an immortalized line 
of human monocyte. Knockdown of gankyrin expression 

by ganlyrin-specific siRNA reduced STAT3 and p38 
phosphorylation in immuno-blotting analysis (Figure 3E). 
Thus, gankyrin promotes activation of STAT3 and mitogen- 
activated protein kinase (MAP kinase). In colon tumor 
cells, knockdown of gankyrin reduced cell viability while 
knockdown of SHP-1 increased it (Supplementary Figure 
6A). In contrast, overexpression of gankyrin did not affect 
SHP-1 phosphatase activity probably because of much 
endogenous gankyrin protein (Supplementary Figure 6B).

Then, we assessed the effects of gankyrin on the 
signaling pathways in vivo. Consistent with the data 
obtained from human THP-1 cells, Mx1-Cre;Gankyrinf/f 
mice exhibited reduced activation of STAT3, ERK 
and p38 compared with Gankyrinf/f controls (Figure 
4A and 4B). Immunohistochemical analysis revealed 

Figure 4: Gankyrin activates STAT3 in non-tumor tissues and ERK in tumors. A. Mx1-Cre;Gankyrinf/f (Mx1-Cre;GKf/f) mice 
and Gankyrinf/f (GKf/f) mice were challenged with AOM and DSS. Homogenates of non-treated colons (Control), non-tumor colon tissues 
(Non-tumor) and tumors (Tumor) were gel-separated and immunoblotted with the indicated antibodies. B. Relative kinase activities in 
non-tumor colon tissues (Non-tumor) and tumors (Tumor) isolated from Mx1-Cre;Gankyrinf/f (Mx1-Cre;GKf/f) mice and Gankyrinf/f (GKf/f) 
mice challenged with AOM and DSS were assessed by densitometry. Kinase activity in untreated Gankyrinf/f mice was given an arbitrary 
value of 1. Data are means ± SEM. C, D. Representative images of immunohistochemical detection of phosphorylated STAT3 (C) and 
phosphorylated ERK (D) in non-tumor colon tissues (Non-tumor) and tumors (Tumor). Scale bar, 100 μm.
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that the activities of STAT3 and ERK were reduced in 
inflammatory cells but not in intestinal epithelial cells 
in gankyrin-deficient colons (Figure 4C and 4D). In 
contrast, tumors isolated from Mx1-Cre;Gankyrinf/f mice 
showed similar level of phosphorylated STAT3 and 
lower level of phosphorylated ERK compared with those 
from control Gankyrinf/f mice (Figure 4A, 4B and 4D). 
Colorectal tissues isolated from Vil-Cre;Gankyrinf/f mice 
exhibited similar level of phosphorylated STAT3 and 
ERK compared with control counterparts (Supplementary 
Figure 5C). Thus, these data suggest that gankyrin 
deletion leads to reduced activation of STAT3 and 
MAP kinase in inflammatory myeloid cells rather than 
epithelial cells in AOM-DSS model.

We assessed the effect of gankyrin on these signaling 
pathways in DSS-induced colitis model. Examination of 
the colonic lysates from DSS-treated Villin-Cre;Gankyrinf/f 
mice and Gankyrinf/f controls showed that gankyrin 
deletion resulted in reduced STAT3 phosphorylation but 
a minor change in ERK phosphorylation (Supplementary 
Figure 7A), whcih suggests a possibel involvement of 
gankyrin-SHP1 interaction in the activation of STAT3 and 
MAP kinase in acute epithelial cell injury.

Loss of gankyrin in myeloid cells results in 
reduced expression of cytokines and stem cell 
markers

The associated immune response was investigated 
by analyzing colonic cytokine levels. Colonic tissue from 
Mx1-Cre;Gankyrinf/f mice showed lower levels of pro-
inflammatory cytokine TNF-α than that of control mice 
(Figure 5A) as assessed by qPCR analysis, which would 
be due to reduced activities of STAT3 and MAP kinase in 
inflammatory cells. To further characterize the effects of 
gankyrin on cytokine production, we sought to confirm 
these findings in vitro. In LP cells isolated from DSS-
treated colons of Mx1-Cre;Gankyrinf/f mice, expression of 
TNF-α and IL-17 was decreased compared with those of 
control mice (Figure 5B), which is consistent with the data 
in humans (Figure 1C).

It is genellay accepted that pro-inflammatory 
cytokine responses affect the expression of stem cell 
markers and proliferation of stem cells [28]. Therefore, 
we addressed the effects of gankyrin deletion on the 
expression of cancer stem cell markers. Colonic tissue 
from Mx1-Cre;Gankyrinf/f mice showed lower levels 
of Bmi1 than that of Gankyrinf/f mice when they were 
treated with AOM and DSS (Figure 5A). In contrast, 
no difference was found in the level of Bmi1 between 
similarly treated Vil-Cre;Gankyrinf/f mice and Gankyrinf/f 
mice (Supplementary Figure 5D).

In Mx1-Cre;Gankyrinf/f mice, STAT3 activity was 
decreased in inflammatory cells whilst ERK activity was 
decreased in tumor cells as well as inflammatory cells. 
Provirus integration site for Moloney murine leukemia 

virus (Pim1) is linked to the development and progression 
of several cancers including colorectal cancer [29]. Sox9 
[sex-determining region Y (SRY)-box 9 protein], an 
intestinal stem cell marker, plays critical roles during 
embryogenesis and its activity is required for development, 
differentiation, and lineage commitment in various tissues 
including the intestinal epithelium [30]. Since expression 
of Pim1 and Sox9 requires activation of STAT3 and 
ERK, respectively, we assessed the expression of Pim1 
and Sox9 in AOM-DSS model utilizing conditional 
gankyrin–deficient mice. Expression of Pim1 was down-
regulated in gankyrin-deficient colons compared to 
control counterparts (Figure 5A). Furthermore, LP cells 
derived from Mx1-Cre;Gankyrinf/f mice, but not from Vil-
Cre;Gankyrinf/f mice, exhibited marked down-regulation 
of Pim1 mRNA relative to those isolated from Gankyrinf/f 
mice (Figure 5B and Supplementary Figure 7B). Sox9 
mRNA expression was significantly reduced in gankyrin-
deficient tumors (Figure 5C). Another stem cell marker 
achaete-scute complex homolog 2 (Ascl2) is suggested to 
regulate the development of colorectal cancer via CDX2 
[31]. Gankyrin ablation also decreased the expression of 
Ascl2 (Figure 5C). In addition, expression of cMyc, a 
prototypical oncogene, was reduced in gankyrin-deficient 
mice as compared with gankyrin-intact mice (Figure 5C). 
Taken together, these data support the idea that gankyrin 
deletion leads to a reduction of pro-inflammatory cytokine 
responses and expression of cancer stem cell markers 
through inhibition of STAT3 and/or ERK activation.

In THP-1 cells, an immortalized line of human 
monocyte, knockdown of gankyrin reduced the expression 
of TNF-α and Pim1 (Figure 5D) through the inhibition of 
p38 and STAT3 activation (Figure 3E). In contrast, the 
effect of gankyrin on ERK activation was marginal in 
THP-1 cells (Figure 3E). These data indicate that gankyrin 
activates STAT3 in a cell-autonomous manner, leading to 
increased expression of their target genes such as TNF-α, 
which might at least partially contribute to the enhanced 
MAP kinase ERK activation in a non-cell-autonomous 
manner.

DISCUSSION

In the context of chronic inflammation, cytokines 
secreted by immune cells contribute to creating the cancer-
microenvironment in which activation and proliferation of 
cancer stem cells are promoted [28]. Indeed, a recent study 
has suggested that colorectal cancer tissue-derived Foxp3+ 
IL-17+ cells have the capacity to induce cancer-initiating 
cells in vitro [32]. Thus, it is generally accepted that 
cytokine-mediated inflammatory signaling pathways are 
important for dedifferentiation and generation of tumor-
initiating cells [33]. However, the precise mechanisms 
accounting for the activation of cancer-initiating cells 
in response to pro-inflammatory cytokines have been 
poorly defined. In this study, we provide the evidence 
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that gankyrin expressed in myeloid cells promote the 
expansion of cancer-initiating cells through the induction 
of cancer stem cell markers such as Pim1 and Sox9. As 
for the mechanisms of ganlyrin-induced inflammatory 
responses by myeloid cells, we show that molecular 
interaction between gankyrin and SHP1 leads to secretion 
of pro-inflammatory cytokine. Thus, we have elucidated 
a part of molecular mechanisms for the development of 
inflammation-associated colon carcinogenesis by focusing 
on the function of myeloid cell expression of gankyrin.

Previous studies report that upregulation of 
gankyrin was detected in many tumor cell lines and 
primary tumors. Such enhanced expression of gankyrin 
has been considered to promote the prolifearion of cancer 
cells by inhibiting apoptosis and cell cycle in cell lines 
[8–14]. However, until now it was not clear whether 
gankyrin is instrumental for tumor development in vivo. 
In this study, we tried to determine the role of gankyrin 
in the interface between tumor cells and immune cells. 
We found that gankryin upregulates IL-17 expression in 

Figure 5: Loss of gankyrin in myeloid cells results in reduced expression of cytokines and stem cell markers. A. RNA 
was extracted from non-tumor colon of tumor-harboring Mx1-Cre;Gankyrinf/f (Mx1-Cre;GKf/f) mice and Gankyrinf/f (GKf/f) mice. Relative 
amounts of mRNA were determined by real-time qPCR and normalized to the amount of actin mRNA. The amount of each mRNA in the 
untreated colon was given an arbitrary value of 1.0. Data are means ± SEM (n = 5). B. Effect of gankyrin on gene expression in colonic 
lamina propria (LP) cells. LP cells were isolated from DSS-treated Mx1-Cre;Gankyrinf/f (Mx1-Cre;GKf/f) mice and Gankyrinf/f (GKf/f) mice 
and cytokine mRNA expression was analyzed by real-time qPCR. The mRNA expression levels in LP cells from non-treated WT mice were 
set as 1. C. RNA was extracted from tumor tissues of Mx1-Cre;Gankyrinf/f (Mx1-Cre;GKf/f) mice and Gankyrinf/f (GKf/f) mice. Relative 
amounts of mRNA of ERK target genes cMyc, and stem cell markers Sox9, Bmi1, Lgr5 and Ascl2 were determined by real-time qPCR 
and normalized to the amount of actin mRNA. The amount of each mRNA in the untreated colon was given an arbitrary value of 1.0. Data 
are means ± SEM (n = 5). D. Relative amounts of mRNA of TNF-α and Pim1 from THP-1 cells transfected with gankyrin RNAi or control 
RNAi were determined by real-time qPCR and normalized to the amount of actin mRNA. The amount of each mRNA in the untreated colon 
was given an arbitrary value of 1.0. Data are means ± SEM (n = 3).
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lamina propria cells in murine AOM-DSS CAC model. 
In addition, we showed that expression of gankyrin was 
positively correlated with that of IL-17A. Recent study by 
Wang K et al. show that IL-17A exerts its pro-tumorigenic 
activity through its type A receptor (IL-17RA), which 
signals directly within transformed colonic epithelial cells 
to promote early tumor development by activating MAP 
kinase, especially ERK signaling [34]. Consistent with 
this report, a significant reduction of IL-17 production 
was seen in the colonic mucosa of gankyrin-deficient mice 
upon AOM-DSS treatment, which effect was accompanied 
by a reduction in MAP kinase activation and in expression 
of cancer stem cell markers. Thus, IL-17 signaling might 
mediate the gankyrin-mediated cross-talk between 
immune cells and tumor cells.

Another pro-inflammatory cytokine associated with 
the development of CAC through activation of gankyrin 
is TNF-α. Expression of TNF-α was positively correlated 
with that of gankyrin in human IBD samples. In addition, 
TNF-α expression was significantly lower in gankyrin-
deficient mice treated with AOM-DSS than in gankyrin-
intact mice. Furthermore, ganlyrin-knowdown leads to a 
diminished TNF-α production by human monocytic cells 
through inhibition of STAT3 and MAP kinase activation, 
which suggests involvement of gankyrn-mediated 
signaling pathways for optimal production of TNF-α. 
Given the fact that TNF-α produced by myeloid cells is a 
critical player for the longstanding chronic inflammation 
and CAC [35], the results of the present study provide 
another important linkage between gankyrin-mediated 
TNF-α production and colon carcinogenesis.

In this study, we created two kinds of conditional 
gankyrin-deficient mice; Mx1-Cre;Gankyrinf/f mice 
and Vil-Cre;Gankyrinf/f mice. Deletion of gankyrin 
was confirmed in hemapoietic and non-hematopoietic 
cells in Mx1-Cre;Gankyrinf/f mice whereas deletion 
was confirmed in epithelial cells in Vil-Cre;Gankyrinf/f 
mice. The development of CAC induced by AOM-DSS 
treatment was significantly attenuated in the colon of 
Mx1-Cre;Gankyrinf/f mice as compared with control 
Gankyrinf/f mice. In contrast, the development of CAC 
induced by AOM-DSS treatment was comparable between 
Vil-Cre;Gankyrinf/f mice and control Gankyrinf/f mice. 
Similarly, Mx1-Cre;Gankyrinf/f mice exhibited attenuated 
inflammatory scores upon acute DSS colitis model. In 
line with this, the development of acute DSS colitis was 
attenuated in irradiated-gankyrin-intact mice transplanted 
gankyrin-deficient BM cells as compared with thoses 
transplanted with gankyrin-intact BM cells. These studies 
utilizing two kinds of conditional gankyrin-deficient mice 
together with BMT experiments strongly suggest a pivotal 
role played by hematopoietic cells expressing gankyrin in 
the development of chronic colitis and colitis-associated 
cancer. Compatible to this idea, gankyrin expression 
was detected in immune cells of the colon tissue of 
human CAC and refractory IBD samples. Moreover, pro-

inflammatory cytokine responses such as TNF-α and IL-17 
were significantly reduced in the colon tissues of AOM-
DSS-treated Mx1-Cre;Gankyrinf/f mice, which effects 
were again accompanied by a reduction in expression 
of cancer stem cell markers and in activation of STAT3 
and MAP kinase activation. Thus, it is very likely that 
myeloid cells expressing gankyrin play an indispensable 
role in the development of chronic colitis and CAC 
through the enhancement of pro-inflammatory cytokine 
responses, activation of STAT3 and MAP kinases, and 
finally expression of cancer stem cell markers. Therefore, 
present findings show for the first time that as a tumor 
promoter gankyrin can enhance tumor development 
through the interaction between tumor cells and immune 
cells. It should be noted, however, that we cannot exclude 
a role played by gankyrin-expressing epithelial cells. 
Gankyrin in epithelial cells would at least partly contribute 
to tumorigenesis in another type of cancer such as sporadic 
colorectal cancer rather than CAC.

One question arising from the present study is 
whether gankyrn expression is up-regulated not only in 
IBD but also in non-chronic inflammatory diseases such 
as infectious or ischemic colitis in human samples. In this 
regards, we do not have enough specimens of non-chronic 
inflammatory diseases and thus cannot provide the data of 
gankyrin expression in non-chronic inflammatory diseases. 
However, our preliminary assay utilizing biopsy samples 
from Amoebatic dyscentery revealed that the gankyrin 
expression was found to be lower than that in IBD patients.

The most feared long-term complication of IBD 
is CAC as patients with IBD have an increased risk of 
colorectal cancer [5]. Most cases of CAC arise from 
dysplasia, and surveillance colonoscopy is therefore 
recommended to detect dysplasia. Recently, it was 
suggested that intensified surveillance and endoscopic 
resection of dysplasia might prevent CAC [36], which is 
a new strategy to improve quality of life for patients. If 
we can reliably predict an individual’s risk of dysplasia 
and CAC, surveillance strategies could be appropriately 
personalized and surveillance programs would become 
more cost-effective. As shown in the present study, high 
level of gankyrin expression in the colonic mucosae 
reflects the presence of refractory inflammation. This 
suggests that gankyrin can be used as a potential marker 
for predicting the risk of CAC development. Indeed, 
expression of gankyrin was increased in human CAC 
tissues as well. Furthermore, gankyrin expression was 
reported to be upregulated during the development of 
another type of cancer [15, 37]. Analyzing the gankyrin 
level may be utilized to predict the risk of cancer and 
prognosis of IBD patients.

In this study, we propose that gankyrin expressed 
in myeloid cells promotes CAC through induction of 
pro-inflammatory cytokine responses and expression of 
cancer stem cell markers. The chain of evidence supporting 
this conclusion consisted first of the fact that gankyrin 
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expression is correlated with the expression of immune 
cell-derived pro-inflammatory IL-17-related cytokines and 
with that of stem cell marker (Lgr5) in the colonic mucosa 
of IBD patients. Moreover, immuno-histochemical analysis 
revealed the expression of gankyrin in immune cells 
migrated into the colonic mucosa of patients with refractory 
IBD and CAC. These results obtained from human samples 
were further corroborated in experimental studies utilizing 
Mx1-Cre;Gankyrinf/f mice and Vil-Cre;Gankyrinf/f mice. 
As mentioned above, Mx1-Cre;Gankyrinf/f mice lacking 
gankyrin in hematopoietic cells and epithelial cells, but 
not Vil-Cre;Gankyrinf/f mice lacking gankyrin in epithelial 
cells alone, were resistant to the development of acute 
colitis and inflammation-associated colon tumorigenesis. 
Importantly, such resistance to inflammation-associated 
colon tumorigenesis in Mx1-Cre;Gankyrinf/f mice was 
associated with a significant reduction of pro-inflammatory 
responses (IL-17 and TNF-α) and expression of cancer stem 
cell markers (Bmi1 and Sox9). A final step in the chain of 
evidence consisted of yeast-two hybrid, over-expression, 
and gene-silenecing studies showing that gankyrin interacts 
with SHP-1 to induce activation of STAT3 and MAP kinases 
and then to induce TNF-α production. In accordance with 

this, a physical interaction between gankyrin and SHP-1 was 
detected in immune cells of the colon tissue of gankyrin-
intact mice treated with AOM and DSS. Collectively, these 
data strongly suggest that gankyrin-expressing myeloid 
cells produce pro-inflammatory cytokines through its 
interaction with SHP-1 followed by STAT3 activation and 
then promote CAC through induction of stem cell markers. 
Thus, we propose gankyrin as a tumor promoter that plays 
a role in the interface between immune cells and epithelial 
cells. It should be noted, however, that confirmation of this 
notion awaits future studies addressing the relationship 
between gankyrin expression and colon cancer prognosis 
as well as those addressing the role of gankyrin in immune 
cells by using myeloid, T cell, or B cell-specific gankyrin 
deletion mice.

Taken together, gankyrin, whose expression is 
upregulated by chronic inflammation, increases STAT3 
activity and the production of TNF-α and IL-17 by binding 
to SHP-1 in inflammatory cells, leading to augmented 
inflammation. Such pro-inflammatory cytokine responses 
may enhance MAP kinase activity in the tumor and 
upregulate expression of stem cell markers in the colon. 
These factors would eventually promote CAC (Figure 6). 

Figure 6: Chronic inflammation increases gankyrin expression in the colonic mucosa of patients with IBD. In inflammatory 
cells, gankyrin activates STAT3 by binding to SHP-1, leading to enhanced inflammation. These augmented inflammatory responses would 
activate ERK in tumors and eventually promote colitis-associated cancer.
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Thus, suppression and measurement of gankyrin expression 
is a promising approach for advanced treatment and 
personalized management of IBD patients.

PATIENTS AND METHODS

Human tissue samples

UC and CD were diagnosed as previously described 
[38]. In total, 344 intestinal mucosa specimens were 
obtained by endoscopy from UC patients including 109 
cases of refractory UC, 106 cases of non-refractory active 
UC, 40 cases in remission, as well as 35 CD patients and 
54 normal controls without IBD and gankyrin expression 
was assessed. Among 344 intestinal mucosa specimens, 
111 intestinal samples were obtained between April 2011 
and March 2013 and analyzed for the expression of several 
genes. CAC specimens were obtained from 10 patients 
who had undergone surgery. Refractory IBD was defined 
according to endoscopic criteria and categorized as being 
active for more than 6 months. Active inflammation was 
defined as Mayo endoscopic score ≥2 in UC cases and a 
presence of ulcer in CD cases or presence of symptoms. 
The Mayo score was previously described [39]. The 
clinical study protocol conformed to the ethical guidelines 
of the 1975 Declaration of Helsinki and was approved by 
the relevant institutional review boards.

Generation of mice with tissue-specific deletion 
of the gankyrin gene

Targeted ES clones were isolated from HK3i ES 
cells [40]. Chimeric mice were generated as described [41] 
and crossed with C57BL/6 mice to obtain heterozygous 
Gankyrinflox/wt mice (Accession No. CDB0944K) 
[42]; Gankyrinflox/wt, Mx1-Cre, and Villin-Cre (Jackson 
laboratory) mice were used to create tissue-specific 
conditional gankyrin knockout mice, designated here 
as Mx1-Cre;Gankyrinf/f and Vil-Cre;Gankyrinf/f mice. 
Induction of Mx1-Cre was achieved by 3 intraperitoneal 
injections of 300 μg of poly(I:C) (Sigma-Aldrich, St. 
Louis, MO) every other day to 4–8-week-old mice.

Mouse treatment

Mx1-Cre;Gankyrinf/f mice and Gankyrinf/f mice were 
treated with poly(IC) as described previously [43]. Sex- 
and age-matched poly(IC)-treated Mx1-Cre;Gankyrinf/f 
mice (referred to as Mx1-Cre;Gankyrinf/f mice), poly(IC)-
treated Gankyrinf/f mice, Vil-Cre;Gankyrinf/f mice and 
Gankyrinf/f mice (8–16 weeks old) received 2.5% (w/v) 
dextran sodium sulfate (DSS; molecular weight, 36,000–
50,000 kDa; MP Biomedicals, Solon, OH) in drinking 
water for 7 days. Inflammatory cell infiltration score 
was assessed as described previously [6]. Isolation of 
lamina propria (LP) cells was performed as described 

previously [6]. As the protocol for the murine CAC model 
[6], mice were intraperitoneally (i.p.) injected with 12.5 
mg/kg azoxymethane (AOM; Sigma-Aldrich). After 5 
days, 2.0% DSS was included in the drinking water for 
5 days, followed by 16 days of regular water. This cycle 
was repeated three times. Then, 1.5% DSS was included 
in the drinking water for 4 days, followed by 7 days of 
regular water. Upon sacrifice, the colon was excised from 
the ileocecal junction to the anus, cut open longitudinally, 
and prepared for histological evaluation. Colons were 
assessed macroscopically for polyps under a dissecting 
microscope. All animal procedures were performed 
according to approved protocols and in accordance 
with the recommendations for the proper care and use 
of laboratory animals. The animal study protocol was 
approved by the Medical Ethics Committee of Kindai 
University Faculty of Medicine and Institutional Animal 
Care and Use Committee of RIKEN Kobe.

Cell culture

THP-1 cells, an immortalized line of human 
monocyte, were maintained in RPMI-1640 medium 
(Gibco, Carlsbad, CA) supplemented with 10% fetal 
bovine serum, containing penicillin (100 U/ml) and 
streptomycin (100 mg/ml) and transfection of gankyrin 
siRNA and SHP-1 siRNA (Santa Cruz, Dallas, TX) was 
carried out using X-treme GENE siRNA Transfection 
Reagent (Roche, Basel, Switzerland). Caco2 and U-2 
OS cells were maintained in DMEM medium (Gibco) 
supplemented with 10% fetal bovine serum, containing 
penicillin (100 U/ml) and streptomycin (100 mg/ml) 
and transfected with plasmid using Fugene (Promega, 
Madison, WI) and X-treme GENE HP DNA transfection 
reagent (Roche). Cell viability was assessed using Cell 
Counting Kit-8 (Dojindo, Tokyo, Japan). Jurkat cells 
were transfected with a plasmid containing 3HA-gankyrin 
cDNA.

Biochemical and immunochemical analyses

Real-time qPCR, immunoblotting, 
immunoprecipitation and immunohistochemistry were 
previously described [6, 44]. List of primer sequences 
and FACS protocols are mentioned in Supplementary 
Materials and Methods. The following antibodies were 
used: anti-actin, anti-FLAG, anti-biotin conjugated FLAG 
(Sigma-Aldrich); anti-Bmi1, anti-phospho-STAT3, anti-
STAT3, anti-phospho- extracellular signal-regulated protein 
kinase (ERK), anti-ERK, anti-phospho-c-Jun N-terminal 
kinase (JNK), anti-JNK, anti-phospho-p38, anti-p38 (Cell 
Signaling, Danvers, MA); anti-HA, anti-biotin conjugated 
HA (Roche), anti-SHP-1 (R&D systems, Minneapolis, 
MN) and anti-CD3, anti-CD11b, anti-CD20, anti-CD68, 
anti-CD138 (BD bioscience, San Jose, CA). Generation of 
anti-gankyrin polyclonal antibody was previously described 
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[45]. Immunohistochemistry was performed using 
ImmPRESS™ reagents (Vector Laboratory, Burlingame, 
CA) according to the manufacturer’s recommendations.

Duolink fluorescence method was employed as per 
manufacturer’s recommendations (Sigma Aldrich). Human 
gankyrin antibody and SHP-1 antibody (R&D systems) 
were used to assess gankyrin/SHP-1 interactions under 
confocal laser microscope.

Using the full length of gankyrin as bait, a cDNA 
library from human fetal intestine was screened by the 
yeast two-hybrid method, which was done by Invitrogen 
(Carlsbad, CA). Thirty-seven clones of yeast clones 
transformed with a human intestinal cDNA library were 
identified. Each clone proliferated on media containing 
the histidine inhibitor 3AT and was positive for 
β-galactosidase staining. DNA sequencing of the rescued 
plasmids revealed that two clones encoded SHP-1.

Immunofluorescent TUNEL staining was performed 
to measure apoptosis in paraffin-embedded sections 
using the In Situ Apoptosis Detection Kit as described 
by the manufacturer (Takara, Tokyo, Japan) and previous 
report [6]. Nuclei were stained with 4’, 6diamidino-2-
phenylindole (DAPI) to count the total cells per crypt.

Statistical analysis

Differences were analyzed using Student’s t-test. To 
compare variables of more than 2 conditions, analysis of 
variance (ANOVA) with post-hoc Tukey-Kramer honestly 
significant difference (HSD) multiple comparison was 
applied. The relationship between the expression of several 
genes was analyzed by Spearman’s rank correlation test. P 
values <0.05 were considered significant.

Abbreviations
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ERK, extracellular signal-regulated protein kinase; IBD, 
inflammatory bowel disease; JNK, c-Jun N-terminal kinase; 
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site for Moloney murine leukemia virus 1; Sox9, sex-
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Endoscopic ultrasonography-guided
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Background and Aim: Endoscopic ultrasonography (EUS)-

guided choledochoduodenostomy (EUS-CDS) is increasingly

used in the treatment of malignant distal biliary obstruction.

Standardized use of this technique requires improvements in

instruments, including more convenient and safer devices. The

present study was designed to evaluate the resistance force to

migration (RFM) of a newly designed laser-cut metal stent and

the feasibility of EUS-CDS using this stent.

Methods: This experimental study used a porcine model of

biliary dilatation involving five male pigs. The new stent is a fully

covered laser-cut stent with anti-migration anchoring hooks.

The RFM of the new stents was compared with those of three

commercially available covered metal stents using a phantom

model. In the animal study, after ligation of Vater’s ampulla with

endoscopic clips, the dilated common bile duct was punctured

under EUS guidance, followed by EUS-CDS using the new stent.

One week after the procedure, the stents were removed

endoscopically and the fistulas were assessed after the pigs

were killed. Technical feasibility and clinical outcomes were

evaluated.

Results: Among the four stents, the new stent had the highest

RFM. Metal stent placement was successful in all five pigs, with

no procedure-related complications occurring during and 1

week after endoscopic intervention. All stents remained in place

without migration and were removed easily using a snare. At

necropsy, fistulas were created between the bile duct and

duodenum in all pigs.

Conclusion: EUS-CDS using a newly designed metal stent was

feasible and effective in this porcine model of biliary dilatation.

Key words: anti-migration, endoscopic ultrasonography (EUS),

EUS-guided biliary drainage, EUS-guided choledochoduo-

denostomy, metal stent

INTRODUCTION

ENDOSCOPIC PLACEMENT OF biliary stents in
patients with biliary malignancy is frequently used to

relieve obstructive jaundice.1–3 Patients with malignant
biliary obstruction who fail initial endoscopic retrograde
cholangiopancreatography (ERCP) may undergo an alter-
native procedure, endoscopic ultrasonography (EUS)-
guided biliary drainage (EUS-BD).4–7 Although the
transduodenal approach to extrahepatic bile ducts, called
EUS-guided choledochoduodenostomy (EUS-CDS), is incr-

easingly used to treat malignant distal biliary obstructions,
endoscopic devices dedicated to EUS-BD with transluminal
stenting are limited, resulting in device-related shortcomings
with this new procedure. This pilot study was designed to
evaluate the resistance force to migration (RFM) of a newly
designed laser-cut metal stent with anti-migration hooks and
the feasibility of carrying out EUS-CDS using this stent in a
porcine model of biliary dilatation.

METHODS

Stents

THE NEWLY DESIGNED self-expandable metal stent
(Hook Stent; Zeon Corporation, Tokyo, Japan; not

commercially available), with a diameter of 10 mm and a
length of 40 mm, is made of laser-cut nitinol wire fully
covered by a polyurethane membrane to prevent bile
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leakage (Fig. 1a). To prevent inward stent migration, the
distal end of the stent has three hooks made from nitinol
wire, each with a length of 10 mm and a width of 4 mm
(Fig. 1b). Stents are delivered with a 9-Fr pull-back delivery
catheter, which is compatible with the working channel of
an echoendoscope. The extent of stent shortening is
approximately 4%.

Phantom experiments used to determine
anti-migration

The anti-migration property of the metal stents was assessed
as described previously.8 Briefly, a phantom model of metal
stent migration was created using a retraction robot, a 3-
mm-thick silicone wall (Shin-etsu Chemical, Tokyo, Japan),
and a force gauge (Model DPX-5TR; Imada, Tokyo, Japan)
(Fig. 2). The new stent (Hook Stent) and three different
commercially available covered metal stents (ZEOSTENT
covered; Zeon Corporation, ComVi stent; Taewoong Med-
ical, Gimpo, South Korea, and WallFlex Fully Covered
Biliary Metal Stent; Boston Scientific, Natick, MA, USA)
were used in this experimental study. The former two are
covered stents with a laser-cut structure and the latter two
have a braided structure. The metal stents were fixed into a
round hole (diameter, 8 mm) in the silicone wall. A force
gauge was fixed to the proximal end of the stent. During the
experiments, the proximal end of the stent (with the attached
force gauge) was retracted at a speed of 1 mm/s using the
retraction robot (Fig. 2). Force of the resistance of the stent
to retraction in the axial direction, which is denoted as
resistance force to migration (RFM), was measured from the
time stent retraction started until the time the distal end of
the stent was dislocated from the silicone wall.8 Maximum
value of the resistance force generated during retraction was
used for analysis. RFM was expressed as the average of five
replicate measurements.

In vivo experiments

Animals

This study was carried out in vivo using a porcine model
and was approved by the Institutional Animal Care and Use
Committee of Kindai University. All animal experiments
were carried out at Research and Development Center, Zeon
Corporation (Toyama, Japan). Between August 2015 and
January 2016, five male pigs (Camborough hybrids)
weighing 35–45 kg underwent endoscopic procedures. No
antibiotic agents were given before the procedure. The pigs
were fasted for 24 h before the procedure, placed under
general anesthesia, and intubated endotracheally. During the
procedure, heart rate, respiratory rate, oxygen saturation and
body temperature were monitored continuously. The pigs
resumed their usual diet (1000 kcal/day) on the day after the
procedure.

(a) (b)

Figure 1 Illustration of a newly designed, self-expandable, covered metal stent (Hook Stent; Zeon Corporation, Tokyo, Japan).

(a) Each stent, measuring 10 mm in diameter and 40 mm in length, is made of laser-cut nitinol wire and fully covered by a

polyurethane membrane. (b) Three hooks made of nitinol wire are attached to the distal end of the stent. Each hook is 10 mm in

length and 4 mm in width (arrow).

Figure 2 Resistance force to migration measurement

machine. The machine consists of a retraction robot, a

silicone wall, and a force gauge. The Hook Stent (Zeon

Corporation, Tokyo, Japan) is fixed into a round hole in the

silicone wall and its proximal end is connected to the force

gauge device. The stent is retracted from the wall at a

speed of 1 mm/s by using the retraction robot.
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Endoscopic procedures

First, we created an experimental porcine model of biliary
dilatation by modifying the previously established model.9

The day before EUS-guided drainage, a gastroscope was
inserted into the duodenal bulb. Then, Vater’s ampulla of
each pig was ligated with four endoscopic clips to induce
dilation of the common bile duct (CBD), mimicking
obstructive jaundice (Fig. 3a). On the following day, a
linear array echoendoscope (EG-530UT2; Fujifilm, Kana-
gawa, Japan) was introduced into the duodenum. Following
visualization of the dilated CBD adjacent to the duodenum
(Fig. 3b), the echoendoscope was manipulated until an
appropriate puncture route that avoided any intervening
vessels was identified. The distal CBD, chosen as the ideal
target, was punctured with a 19-gauge aspiration needle
(SonoTip ProControl; Medi-Globe, Rosenheim, Germany)
under EUS guidance. Bile was aspirated, contrast medium
was injected, and a 0.025-inch guidewire (VisiGlide 2;
Olympus Medical Systems, Tokyo, Japan) was advanced
into the CBD (Fig. 3c). The fistula was dilated using a

biliary bougie dilator (7-Fr, 9-Fr, Soehendra Biliary Dilation
Catheter; Cook Medical, Winston-Salem, NC, USA) or
diathermic dilator (6-Fr, Cysto-Gastro-Set; Endo-Flex,
Voerde, Germany). Thereafter, a new metal stent (Hook
Stent) was deployed between the CBD and the duodenum
(Fig. 3d,e). First, the proximal end of the stent was released
under fluoroscopic and endosonographic guidance. Once
the proximal end of the stent was extended, the delivery
system was slightly retracted to adjust the proximal stent
position. Afterwards, the stent was further released until a
section of 1 cm appeared within the channel of the
echoendoscope under fluoroscopic guidance. Then, the
delivery catheter of the stent was pushed out and the
echoendoscope was pulled out gently while ensuring that
the stent had been completely released in the duodenal
lumen under endoscopic guidance.

Post-procedural care and necropsy

A gastroscope was advanced into the duodenum to confirm
stent position, and the degree of stent expansion was

(c) (d) (e)

(a) (b)

Figure 3 Procedures used in the porcine model of endoscopic ultrasonography (EUS)-guided choledochoduodenostomy with

the newly designed laser-cut, covered metal stent. (a) Ligation of Vater’s ampulla with multiple endoscopic clips 1 day before

EUS-guided drainage. (b) Linear array EUS image showing dilatation of the distal common bile duct (CBD). CBD diameter

measured by EUS is 9.5 mm. (c) Fluoroscopic image, showing dilatation of the CBD with ampullary obstruction. After puncturing

the CBD, a 0.025-inch guidewire was advanced into the bile duct. (d) After dilating the puncture site, a newly designed covered

metallic stent (10-mm wide and 40-mm long) was deployed between the CBD and the duodenum. (e) Endoscopic view of the

deployed stent.
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assessed under fluoroscopic guidance (Fig. 4a). The stent
was removed with a snare, and an ERCP catheter was
inserted into the place from which the stent had been
removed. Contrast medium was injected to assess whether
the medium leaked into the peritoneal cavity (Fig. 4b,c,d).
The pigs were killed and dissected, and formation of a
fistula between the bile duct and the duodenum was
evaluated.

RESULTS

Phantom experiments

FIGURE 5 SHOWS THE results of the RFM
measurements. Among the four stents tested, the new

stent (Hook Stent) had the highest RFM. Among the three
commercially available stents, the laser-cut metal stent
(ZEOSTENT covered) had the highest RFM.

In vivo experiments

EUS-CDS was successfully carried out, and newly designed
stents were deployed without technical difficulties in all five

(a) (b)

(c) (d)

Figure 4 Post-endoscopic procedural findings in the porcine model. (a) Fluoroscopic image 1 week after the procedure

showing that the stent is fully expanded. (b) View showing a mature fistula (arrow) at the site from which the stent had been

removed. (c) View showing the common bile duct as seen from the fistula. (d) An endoscopic retrograde cholangiopancre-

atography catheter was inserted into the fistula and contrast medium was injected. The bile duct was visualized, but there was

no leakage of contrast medium into the peritoneal cavity.

Figure 5 Resistance force to migration of four different

covered metal stents.
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pigs. The fistula was dilated using the biliary bougie dilator
in four pigs and the diathermic dilator in one pig.
Mean � SD CBD diameter, as measured by EUS at the
time of puncture, was 9.8 � 1.8 mm, will all five CBD
punctured easily using a 19-gauge aspiration needle. All five
pigs survived for 1 week after the procedure without
complications. All consumed expected quantities of a
standard diet, with none of the animals manifesting signs
of peritonitis. Gastroscopy done 1 week after the procedure
revealed that all stents had been inserted through the
duodenum and that they remained in place without migra-
tion. All stents fully expanded and could be removed
endoscopically with a snare without difficulty. Subsequent
contrast injection into the stent area showed no evidence of
leakage into the peritoneal space. At necropsy, one pig
showed a small hematoma, but none showed evidence of
organ injury or peritonitis. Strong adhesion between the
duodenum and the CBD was observed in all five pigs.

DISCUSSION

SINCE INITIALLY DESCRIBED in 2001,4 EUS-CDS
has been increasingly carried out as an effective

alternative in patients with malignant biliary obstruction
who fail ERCP.4–7 A recent systematic analysis of 1192
patients who underwent EUS-BD revealed a cumulative
adverse event rate of 23.32%.10 The most frequent compli-
cations were bile leakage, stent migration, bleeding and
pneumoperitoneum, which can be serious or even fatal.10–12

Development of a new comfortable stenting device that
prevents complications related to the EUS-BD procedure is
therefore needed. To overcome the shortcomings of con-
ventional stents, we developed a newly designed, fully
covered, laser-cut metal stent with anti-migration hooks.
Covered metal stents are more prone to migration than

uncovered ones.2,13,14 To reduce stent migration, covered
stents have been equipped with various mechanical, anti-
migration properties, including different stent frameworks,
different membrane materials, high radial force (RF),
different flare structures, and inclusion of an anchoring
flap.15–17 Stent flare structure and low RF have been
associated directly with stent migration.8,16,18 RF is the
radially outward expanding force that maintains luminal
patency at the stricture following stent deployment.15 Laser-
cut stents have a higher RF and much higher resistance to
migration than braided stents.8 Therefore, to prevent
migration, we designed a laser-cut covered stent with anti-
migration hooks.
Adequate extrahepatic bile duct dilatation is essential for

successful EUS-CDS in porcine models. To establish an
experimental porcine model of biliary dilatation, we ligated

Vater’s ampulla of each pig with four endoscopic clips the
day before the EUS-CDS procedure. Lee et al.9 previously
created a biliary dilatation porcine model using endoscopic
clip closure or endoscopic band ligation of the major papilla
followed by argon plasma coagulation in the ampullary
orifice. They carried out EUS-guided hepaticogastrostomy
puncturing of the intrahepatic bile duct. However, in our
study assessing the feasibility of EUS-CDS, the main target
of puncturing was the extrahepatic bile duct. Anatomically,
the extrahepatic bile duct is thicker than the intrahepatic bile
duct; therefore, EUS-CDS can be carried out even when the
intrahepatic bile duct is not sufficiently dilated. After simple
ligation of the Vater’s ampulla with endoscopic clips,
mean � SD extrahepatic bile duct diameter was
9.8 � 1.8 mm on the following day, which was adequate
for puncturing with a 19-gauge aspiration needle. Although
a suitable porcine model of biliary dilatation is yet to be
established, our model is simple and feasible for EUS-CDS.
This pilot study has shown that EUS-CDS using our

newly designed metal stent in a porcine model of biliary
dilatation was feasible and safe. There was no evidence of
stent inward or distal migration, despite these stents being
shorter than conventional tubular biliary metal stents. These
results suggested that both the stent framework (laser-cut)
and the anchoring hooks at the distal end effectively
prevented stent migration. One advantage of laser-cut type is
that stent shortening is lower than with the braided type,
which makes it easy to place a modestly sized stent. Up to
now, tubular biliary metal stents longer than 4 cm have been
used in the EUS-CDS procedure to prevent stent inward
migration; however, this type of stent placement can
sometimes make re-intervention difficult and the exposed
ends of the stent in the duodenal lumen may cause tissue
trauma, resulting in bleeding or perforation.19 In view of
these limitations, shorter exposed stents in the luminal
portion equipped with anti-migration properties may be
preferable.
Distal stent migration is one of the late adverse events that

can occur during follow up.20 To assess distal stent
migration, long-term follow up is needed. In this animal
study, the stents were removed endoscopically after 1 week.
Therefore, whether or not this new stent can prevent distal
stent migration is still unclear. Recently, we reported that the
laser-cut stent (ZEOSTENT covered) is more resistant to
migration than the braided type in phantom experiments.8

We surmise that the new laser-cut stent (Hook Stent) may
have potential in preventing distal stent migration. Further
long-term studies are needed to evaluate the distal
anti-migration potential of this new stent.
Recent studies have described the development of a

novel, lumen-apposing metal stent (LAMS; AXIOS;
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Xlumena, Mountain View, CA, USA).21–24 These stents
allowed the creation of a sealed transluminal conduit
between the drainage lumen and the gastrointestinal tract,
which may reduce the risk of stent migration and bile
leakage. Interventional EUS-guided procedures using
LAMS have been reported and shown to have high success
rates, especially for the drainage of pancreatic fluids and the
gallbladder.21–24 However, the use of LAMS for EUS-CDS
has been described only in case reports and small case
series.25,26 The feasibility and safety of stents specific for
EUS-CDS have not been established. Large multicenter
studies using stents specific for EUS-CDS, including LAMS
and the laser-cut hook stent described in this report, may be
useful for biliary drainage.
The present study had several limitations. This study was

a small pilot study in animals, with a small sample size and a
non-comparative design. The follow-up time was only
1 week, after which the pigs were necropsied. Long-term
evaluation of these stents is required. Studies comparing
these stents with other conventional stents are needed to
evaluate the efficacy and safety of these newly designed,
laser-cut, covered metal stents.
In conclusion, EUS-CDS using these newly designed,

laser-cut, covered metal stents was shown to be feasible and
effective in an experimental porcine model. Clinical trials
may be warranted to confirm the feasibility and safety of this
promising device.
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Abstract

Background Lenvatinib is an oral inhibitor of vascular

endothelial growth factor receptor 1–3, fibroblast growth

factor receptor 1–4, platelet-derived growth factor receptor

alpha, RET, and KIT. This phase 2, single-arm, open-label

multicenter study evaluated lenvatinib in advanced hepa-

tocellular carcinoma (HCC).

Methods Patients with histologically/clinically confirmed

advanced HCC who did not qualify for surgical resection

or local therapies received lenvatinib at a dosage of 12 mg

once daily (QD) in 28-day cycles. The primary efficacy

endpoint was time to progression (TTP) per modified

Response Evaluation Criteria in Solid Tumors v1.1; sec-

ondary efficacy endpoints included objective response rate

(ORR), disease control rate (DCR), and overall survival

(OS).

Results Between July 2010 and June 2011, 46 patients

received lenvatinib at sites across Japan and Korea. The

median TTP, as determined by independent radiological

review, was 7.4 months [95 % confidence interval (CI):

5.5–9.4]. Seventeen patients (37 %) had partial response

and 19 patients (41 %) had stable disease (ORR: 37 %;

DCR: 78 %). Median OS was 18.7 months (95 % CI:

12.7–25.1). The most common any-grade adverse events

(AEs) were hypertension (76 %), palmar-plantar ery-

throdysesthesia syndrome (65 %), decreased appetite

(61 %), and proteinuria (61 %). Dose reductions and dis-

continuations due to AEs occurred in 34 (74 %) and 10

patients (22 %), respectively. Median body weight was

lower in patients with an early (\30 days) dose withdrawal

or reduction than in those without.

Conclusions Lenvatinib 12-mg QD showed clinical activ-

ity and acceptable toxicity profiles in patients with

advanced HCC, but early dose modification was necessary

in patients with lower body weight. Further development of

lenvatinib in HCC should consider dose modification by

body weight.

Trial registration ID www.ClinicalTrials.gov NCT009

46153.

Keywords Hepatocellular carcinoma � Lenvatinib �
Tyrosine kinase inhibitor � E7080 � Vascular endothelial
growth factor inhibitor

Introduction

In hepatocellular carcinoma (HCC), which accounts for

85–90 % of primary liver cancers [1], increased expression

of vascular endothelial growth factor (VEGF) levels has
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been correlated with angiogenic activity, tumor progres-

sion, and poor prognosis [2, 3].

Sorafenib is currently the only systemic VEGF-targeted

therapy to have demonstrated a survival benefit in patients

with advanced HCC [4, 5]. However, the median overall

survival (OS) and time to progression (TTP) with sorafenib

are only *1 year and *4 months, respectively, with fre-

quent dose reductions or discontinuations due to adverse

events, including severe skin toxicity [6–8]. Therefore,

there is still an unmet need for better therapeutic options

for patients with advanced HCC. To date, phase 3 trials of

several agents, including sunitinib, brivanib, and linifanib,

have failed to demonstrate benefit in advanced HCC [6].

Lenvatinib—an oral, multi-tyrosine kinase receptor

inhibitor of VEGF receptors 1–3, fibroblast growth factor

(FGF) receptor 1–4, platelet-derived growth factor (PDGF)

receptor alpha, and KIT and RET proto-oncogenes

[9–11]—was approved for radioiodine-refractory differen-

tiated thyroid cancer at a dose of 24 mg once daily (QD) in

28-day cycles [12]. However, for the clinical development

of therapeutics in HCC, re-evaluation of the starting dose

of any investigational agent is recommended [13]. In a

phase 1 study of lenvatinib in HCC, the maximum tolerable

dose in patients with HCC and Child Pugh (CP) class A

liver function was 12 mg QD [14]. This dose also showed

blood trough concentrations comparable to those with the

25-mg QD dose determined to be the maximum tolerated

dose in solid tumors [15] with preliminary evidence of

tumor shrinkage. Here we assessed the antitumor activity

and safety of lenvatinib in this phase 2 study in patients

with advanced HCC.

Methods

Patients

Patients ages 20–80 years had clinically confirmed

advanced HCC with residual disease not qualifying for

surgical resection or local therapies, including transarterial

chemoembolization; C1 measurable target lesion by

Response Evaluation Criteria in Solid Tumors version 1.1

(RECIST v1.1); [16] 1–3 tumor lesions[3 cm in diameter

([5 cm diameter if only one lesion) or four or more lesions

or portal vein invasion, extrahepatic invasion; Eastern

Cooperative Oncology Group performance status of 0 or 1;

CP score of 5 or 6 (CP class A); platelet count C50 9 109/L,

absolute neutrophil count C1.5 9 103/lL; aspartate

transaminase and alanine transaminase B5.0 times the

upper limit of normal; and serum creatinine B2.0 mg/dL or

calculated creatinine clearance C40 mL/min. Patients had

to have had a hepatectomy and local therapy for HCC at

least 6 and 4 weeks, respectively, prior to study enrollment.

Exclusion criteria included clinically symptomatic brain

metastasis or meningeal carcinomatosis; receipt of C1

systemic chemotherapy, including targeted therapy or

transarterial infusion chemotherapy; QT-corrected interval

by the Fredericia method[500 ms at screening; mean

blood pressure C150/90 mmHg; presence of a progressive

central nervous system disease; or a clinically significant

hemorrhagic or thrombotic event within 4 weeks prior to

study enrollment.

Study design and treatment

Patients in this single-arm, open-label multicenter study of

lenvatinib monotherapy for advanced HCC

(NCT00946153) received daily oral administration of 12

mg lenvatinib (12-mg QD) in 28-day cycles until disease

progression, unacceptable toxicity, or withdrawal of con-

sent. Dose interruption and sequential reduction of lenva-

tinib (to 8- and 4-mg QD) were permitted for drug-related

adverse events (AEs; see Online Resource Table S1). Once

reduced, the dose could not be re-escalated. The study drug

was discontinued if patient recovery time was[2 weeks.

This study was conducted in accordance with local laws,

the Declaration of Helsinki, and International Conference

on Harmonization Good Clinical Practice guidelines, and

with the approval of each institutional review board. All

patients provided written informed consent.

Study assessments

The primary efficacy endpoint was TTP per modified

RECIST (mRECIST; modified to evaluate viable lesions)

[17] by an independent radiologic review committee

(IRRC). mRECIST uses viable target lesions in dynamic

computed tomography and is suitable for the assessment of

tyrosine kinase inhibitors in HCC [17, 18]. Secondary effi-

cacy endpoints included objective response rate (ORR),

disease control rate (DCR), and OS. Tumor response was

evaluated every 8 weeks using mRECIST v1.1 by both the

IRRC and study investigators. An exploratory analysis to

reassess tumors using RECIST v1.1 was also performed by

the IRRC. Safety was assessed by physical examinations,

clinical and laboratory evaluations, vital signs, and electro-

cardiograms. AEs were graded according to the National

Cancer Institute Common Terminology Criteria for AEs,

version 3.0. A pre-dose blood sample was obtained for

pharmacokinetic (PK) assessment on days 1, 8, 15, and 22 of

cycle 1, and day 1 of cycles 2 and 3, using a validated liquid

chromatography–tandem mass spectrometry method [19].
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Statistical considerations

Time-to-event endpoints, including TTP and OS, were

summarized using Kaplan–Meier estimates. The sample

size of 46 patients was based on an 80 % probability that

the lower limit of the two-sided 90 % confidence interval

(CI) of median TTP would exceed the threshold of

2.7 months (based on the Sorafenib HCC Assessment

Randomized Protocol trial [20]), with an expected median

TTP of 4.1 months for lenvatinib. Sample size determina-

tion also assumed exponential distribution for TTP,

12 months of enrollment, 6 months of follow-up, and a

10 % patient exclusion/dropout rate. An interim evaluation

was conducted when 21–23 patients became evaluable for

the 2-month tumor assessment. If the number of patients

with progressive disease within 2 months was C10

(C80 % Bayesian posterior probability for proportion of

patients with progressive disease at 2 months C35 %),

then study discontinuation would be considered due to

futility. Follow-up was continued until final analysis was

performed when 67 % of patients had died.

Results

Patient characteristics

Overall, 46 patients were enrolled and received lenvatinib

at 14 sites across Japan and Korea between July 2010 and

June 2011. All patients were included in the safety and

efficacy analyses. Patient demographics and baseline

characteristics are listed in Table 1.

Efficacy

Median TTP was 7.4 months (95 % CI: 5.5–9.4) as

assessed by IRRC per mRECIST (Fig. 1a). Median TTP

was 12.8 months (95 % CI: 7.2–14.7) by investigator

assessment. Seventeen patients (37 %) achieved a partial

response and 19 patients (41 %) had stable dis-

ease C8 weeks, with a DCR of 78 % by IRRC (Table 2).

Outcomes using RECIST v1.1 criteria are also provided in

Table 2. Median OS was 18.7 months (95 % CI:

12.7–25.1; Fig. 1b).

Tumor reduction of target lesions, assessed by IRRC,

occurred in 80 % of patients (Fig. 2a–c). Subgroup anal-

yses indicated that lenvatinib clinical activity was main-

tained regardless of tumor status (with or without

extrahepatic spread or portal vein invasion), type of

underlying hepatitis [hepatitis B virus (HBV) or hepatitis C

virus], receipt of previous chemotherapy, or alpha-feto-

protein levels (AFP;\200 ng/mL or C200 ng/mL; see

Table 1 Patient demographics and baseline characteristics

Characteristic Patients (N = 46)

Median age, years (range) 66.5 (37–80)

Sex, n (%)

Female 13 (28.3)

Male 33 (71.7)

Region, n (%)

Japan 43 (93.5)

South Korea 3 (6.5)

Median weight, kg (range) 56.7 (42.8–85.5)

ECOG PS, n (%)

0 38 (82.6)

1 8 (17.4)

Child Pugh Class, n (%)

A 45 (97.8)

B 1 (2.2)

BCLC staging, n (%)

B 19 (41.3)

C 27 (58.7)

Portal vein invasion, n (%)

Yes 5 (10.8)

No 41 (89.1)

Extrahepatic metastasis, n (%)

Yes 21 (45.7)

No 25 (54.3)

Cause of HCC, n (%)

Hepatitis B 15 (32.6)

Hepatitis C 27 (58.7)

Alcohol 2 (4.3)

Non-alcohol-related fatty liver disease 1 (2.2)

Unknown 2 (4.3)

AFP value at baselinea

\200 ng/mL 27 (57.7)

C200 ng/mL 18 (39.1)

Prior surgery for HCC, n (%)

No 27 (58.7)

Yes 19 (41.3)

Prior local therapy, n (%)

No 4 (8.7)

Yes 42 (91.3)

RFA 32 (69.6)

PEI 12 (26.1)

TACE 39 (84.8)

TAE 3 (6.5)

Prior chemotherapy, n (%)

Sorafenib 6 (13.0)

Other systemic chemotherapy 5 (10.9)

Hepatic intra-arterial chemotherapy 5 (10.9)

BCLC Barcelona Clinic Liver Cancer, ECOG-PS Eastern Cooperative
Oncology Group Performance Status, HCC hepatocellular carcinoma,
AFP alpha-fetoprotein, PEI percutaneous ethanol injection, RFA
radiofrequency ablation, TACE transcatheter arterial chemoembolization,
TAE transarterial embolization
a AFP data were unavailable for one patient
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Online Resource Table S2). On the other hand, AFP levels

may affect the prognosis for patients with HCC (Online

Resource Figure S1).

Safety

Median and mean durations of lenvatinib treatment were

7.3 and 9.0 months, respectively. All 46 patients experi-

enced at least one AE. The most common any-grade AEs

(Table 3) were hypertension (76 %), palmar-plantar ery-

throdysesthesia syndrome (PPES; 65 %), decreased appe-

tite (61 %), and proteinuria (61 %). The incidence of

serious AEs (SAEs) was 48 %, and the most frequently

reported SAE was hepatic encephalopathy (11 %). No

treatment-related deaths were reported. Two patients died

within 30 days of receiving their last dose of lenvatinib—

one from pneumonia and one from liver tumor rupture.

AEs were generally manageable with dose modifica-

tions. Lenvatinib dose reductions due to AEs occurred in

34 patients (74 %). Ten patients (22 %) discontinued study

treatment due to toxicity. The most frequently reported AE

leading to study drug withdrawal was proteinuria (11 %).

Twenty-two patients (48 %) experienced AEs leading to

dose withdrawal or dose reduction\30 days after starting

lenvatinib. In an exploratory analysis of differences in

baseline characteristics between patients who did and did

not require an early dose withdrawal or reduction, body

weight and minimum concentration of lenvatinib (Ctrough)

were identified as potential differentiators (Fig. 3). Median

body weight was lower for patients who experienced an

early dose withdrawal or reduction (54.1 kg) than for those

who did not (67.6 kg) (Fig. 3a). The median Ctrough values

on cycle 1 day 15 (C1D15) in patients with and without

dose modifications were 62.4 and 33.9 ng/mL, respectively

(Fig. 3b). The Spearman correlation coefficient between

body weight and lenvatinib Ctrough at C1D15 was -0.64.

Discussion

Multi-tyrosine kinase inhibitors have shown limited suc-

cess in advanced HCC, with reported TTP ranging from 2.8

to 5.4 months and ORR from 6.9 to 9 % [4, 5, 7, 21, 22]. In

this study, lenvatinib 12-mg QD showed promising clinical

activity in patients with advanced HCC, with a median

TTP of 7.4 months as assessed by IRRC (12.8 months by

investigator). Lenvatinib also demonstrated tumor shrink-

age in 80 % of patients, with a response rate of 37 % per

mRECIST and 24 % per conventional RECIST.

Although progression-free survival is the preferred OS

surrogate endpoint in most solid tumor trials, it is a par-

ticularly unreliable endpoint in HCC studies, because death

from the natural history of cirrhosis may confound results;

Fig. 1 Kaplan–Meier estimates of a TTP and b OS. Median TTP was

7.4 months as assessed by an IRRC comprising four independent

radiologists. Median OS was 18.7 months. IRRC independent radi-

ologic review committee, TTP time to progression

Table 2 Tumor responses

Response category Investigator assessment

(mRECIST), n = 46

IRRC assessment

(mRECIST), n = 46

IRRC assessment

(RECIST 1.1), n = 46

Best response, n (%)

Complete response 0 (0) 0 (0) 0 (0)

Partial response 17 (37) 17 (37) 11 (24)

Stable disease 21 (46) 19 (41) 25 (54)

Progressive disease 5 (11) 6 (13) 6 (13)

Not evaluable 3 (7) 4 (9) 4 (9)

Objective response rate, n (%) 17 (37) 17 (37) 11 (24)

Disease control rate, n (%) 38 (83) 36 (78) 36 (78)

IRRC independent radiologic review committee, mRECIST modified response evaluation criteria in solid tumors
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TTP is therefore the recommended endpoint for early-stage

trials of HCC [13]. In HCC, response rates derived from

mRECIST have been shown to better correlate with OS than

those from conventional RECIST [18]. Notably, despite a

similarity in best overall responses between investigator

and independent assessments, the median TTP was sub-

stantially different, suggesting a bias by the investigators in

determining the timing of disease progression, ostensibly so

that their patients could continue therapy.

The median OS in this study was 18.7 months. Although

subgroup analyses indicated that median TTP was com-

parable regardless of baseline AFP levels, OS was longer in

the 61 % of patients with lower vs. higher AFP levels (23.5

vs. 13.3 months, respectively). Therefore, it is possible that

the long median OS observed in this study may have been

driven by those patients with lower baseline AFP levels,

because elevated AFP levels are associated with an

increased mortality rate in HCC [23]. Other risk factors

examined included extrahepatic spread and HBV. In this

study, lenvatinib activity was observed even in these

patients with poor prognoses; however, this conclusion is

limited by the small numbers of patients in each subgroup.

Another limitation is the single-arm design of the study,

and the possibility that results may be influenced by patient

selection. However, we note that patient characteristics in

this study were typical of the population of patients with

HCC who required sorafenib therapy in Japan [8, 24].

The most common AEs in this study included hyper-

tension, PPES, decreased appetite, proteinuria, and fatigue,

which are well-known class effects of VEGF-targeted

therapies and are consistent with the known safety profile

of lenvatinib. Although the incidence of grade 3 hyper-

tension was high (54 %), this included patients whose

blood pressure was controlled by two or more antihyper-

tensive drugs. No patient required a dose modification or

discontinuation due to hypertension; therefore, it was

considered to be manageable. Although 65 % of patients

experienced PPES, the incidence of grade 3 PPES was only

9 %. The incidence of grade 3 or 4 thrombocytopenia was

also high (22 %); however, in all but one patient who

discontinued lenvatinib, thrombocytopenia was control-

lable with dose modifications. There was no report of grade

3 or higher bleeding related to the study drug. Although

hepatic encephalopathy was the most common SAE (five

patients) in this study, all five patients also had constipa-

tion, and three had dehydration—known risk factors for

Fig. 2 a Waterfall plot of

changes in tumor size by IRRC

assessment. One patient was

excluded from the plot due to

lack of IRRC assessment of

target legion at baseline. The

patient marked with an asterisk

showed a best overall response

of SD. b Representative liver

lesion of HCC at baseline on

arterial phase CT.

c Representative liver lesion on

arterial phase CT after 1 year of

lenvatinib treatment. CT

computed tomography,

HCC hepatocellular carcinoma,

IRRC independent radiologic

review committee,

PD progressive disease,

PR partial response,

SD stable disease, NE not

evaluable
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hepatic encephalopathy [25]. These events were managed

with dose modifications as well as treatment of constipa-

tion and dehydration.

Dose reduction occurred frequently and early in the

course of treatment. Because 74 % of patients required a

dose reduction due to AEs, we examined possible risk

factors for the development of intolerable toxicities. The

influence of body weight on the pharmacodynamics of

antiangiogenic agents and resultant toxicity patterns is still

uncertain [26]. Additionally, increased lenvatinib exposure

was found in patients with severe hepatic impairment [27].

It is possible that in patients with HCC, who typically have

impaired hepatic function, lenvatinib PK is more affected

by body weight than in healthy individuals or patients with

other cancers. Furthermore, careful evaluation of the bal-

ance between efficacy and toxicity is especially important

in studies of patients with HCC, because high toxicity is a

common reason for failure of phase 3 clinical trials in this

therapeutic area [6]. Therefore, although drug-related AEs

were manageable with dose modifications, and there were

no drug-related deaths in this study, lenvatinib exposure

was observed to be influenced by body weight in patients

with HCC, and adjustment of the starting dose of lenvatinib

by body weight in further clinical development of

lenvatinib in HCC is recommended.

In conclusion, the administration of lenvatinib 12-mg

QD showed clinical activity and acceptable toxicity pro-

files in patients with advanced HCC, although early dose

modification was necessary for the management of toxici-

ties in patients with lower body weight. Based on these

findings, a phase 3 study of lenvatinib in HCC is underway,

with planned doses of 8 mg in patients with lower body

weight (\60 kg) and 12 mg in those with higher body

weight (C60 kg; NCT01761266) [28].

Table 3 Common adverse events occurring in C20 % of patients

Adverse event Any

grade,

n = 46

Grade 3,

n = 46

Grade 4,

n = 46

Hypertension 35 (76.1) 25 (54.3) 0

Palmar-plantar

erythrodysesthesia

syndrome

30 (65.2) 4 (8.7) 0

Decreased appetite 28 (60.9) 1 (2.2) 0

Proteinuria 28 (60.9) 9 (19.6) 0

Fatigue 25 (54.3) 0 0

Diarrhea 20 (43.5) 6 (13.0) 0

Constipation 19 (41.3) 0 0

Nausea 17 (37.0) 1 (2.2) 0

Dysphonia 17 (37.0) 0 0

Thrombocytopenia 16 (34.8) 9 (19.6) 1 (2.2)

Peripheral edema 16 (34.8) 0 0

Decreased weight 14 (30.4) 2 (4.3) 0

Neutropenia 13 (28.3) 2 (4.3) 0

Nasopharyngitis 13 (28.3) 0 0

Rash 13 (28.3) 0 0

Increased blood thyroid-

stimulating hormone level

12 (26.1) 0 0

Back pain 11 (23.9) 0 0

Stomatitis 11 (23.9) 0 0

Vomiting 11 (23.9) 1 (2.2) 0

Pyrexia 10 (21.7) 0 0

Hypothyroidism 10 (21.7) 0 0

Insomnia 10 (21.7) 0 0

Fig. 3 a Boxplot of body weight for patients with vs. without adverse
events that led to dose reduction or dose withdrawal within 30 days of

lenvatinib treatment initiation. b Boxplot of lenvatinib Ctrough level

15 days after lenvatinib treatment initiation for patients with vs.

without adverse events that led to dose reduction or withdrawal within

30 days. C1D15 cycle 1 day 15, Ctrough minimum concentration of

lenvatinib
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Abstract

Background REACH evaluated ramucirumab in the sec-

ond-line treatment of patients with advanced hepatocel-

lular carcinoma. In the intent-to-treat population

(n = 565), a significant improvement in overall survival

(OS) was not observed. In patients with an elevated

baseline a-fetoprotein (AFP) level (400 ng/mL or

greater), an improvement in OS was demonstrated. An

analysis of the Japanese patients in REACH was

performed.

Methods An analysis was performed with the subset of the

intent-to-treat population enrolled in Japan (n = 93).

Results The median OS was 12.9 months for the ramu-

cirumab arm (n = 45) and 8.0 months for the placebo arm

(n = 48) [hazard ratio (HR) 0.621 (95 % confidence

interval (CI) 0.391–0.986); P = 0.0416]. The median

progression-free survival was 4.1 months for the ramu-

cirumab arm and 1.7 months for the placebo arm [HR

0.449 (95 % CI 0.285–0.706); P = 0.0004]. The objective
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response rates were 11 % for the ramucirumab arm and

2 % for the placebo arm (P = 0.0817). The grade 3 or

higher treatment-emergent adverse events occurring in

more than 5 % of patients with a higher incidence for the

ramucirumab arm (n = 44) than for the placebo arm

(n = 47) were ascites (7% vs 2 %), hypertension (7 % vs

2 %), and cholangitis (7 % vs 0 %). In patients with a

baseline AFP level of 400 ng/mL or greater, the median OS

was 12.9 months for the ramucirumab arm (n = 20) and

4.3 months for the placebo arm (n = 22) [HR 0.464 (95 %

CI 0.232–0.926); P = 0.0263].

Conclusions In the Japanese patients in REACH, ramu-

cirumab treatment improved OS, including in patients with

a baseline AFP level of 400 ng/mL or greater; improve-

ments in progression-free survival and objective response

rate were also demonstrated. The safety profile of ramu-

cirumab was acceptable and well tolerated in Japanese

patients.

ClinicalTrials.gov identifier NCT01140347.

Keywords a-Fetoprotein � Clinical trial � Japan � Liver
neoplasms � Vascular endothelial growth factor receptor 2

Introduction

Liver cancer is the fifth commonest cancer in men and

ninth commonest cancer in women worldwide, and the

second commonest cause of cancer death; hepatocellular

carcinoma accounts for approximately 70–90 % of primary

liver cancers [1, 2]. The incidence rates of liver cancer are

highest in East Asia [1], and Japan has one of the highest

incidences of liver cancer in the world [1]. The prognosis

of patients with liver cancer is considerably better in Japan

than in other countries. For example, the observational

GIDEON study showed that in hepatocellular carcinoma

patients treated with sorafenib, the median survival time

was markedly longer in Japan than in Europe, the Asia

Pacific region, Latin America, and the USA [3]. The rea-

sons for the longer survival times in Japan remain unclear,

but may include differences in cause, population charac-

teristics, screening, and disease management [4–7].

Nonetheless, new and more active treatment options are

needed for all patients with hepatocellular carcinoma,

including patients in Japan.

Sorafenib is the only systemic therapy shown to improve

overall survival (OS) in patients with advanced hepato-

cellular carcinoma [8, 9]. However, sorafenib is associated

with significant toxicity, and approximately 30 % of

patients stop taking sorafenib because of intolerance

[10, 11]. Other than sorafenib, no other systemic agent has

demonstrated a positive phase III result in the treatment of

advanced hepatocellular carcinoma.

Vascular endothelial growth factor (VEGF)-mediated

signaling and VEGF receptor 2 mediated signaling have an

important role in angiogenesis and tumor growth [12–14].

VEGF is overexpressed in hepatocellular carcinoma and is

associated with poorer clinical outcomes, suggesting

VEGF-mediated signaling is important in hepatocellular

carcinoma pathogenesis and as a therapeutic target [15].

Ramucirumab is a recombinant human IgG1 mono-

clonal antibody that specifically binds to the extracellular

domain of VEGF receptor 2 with high affinity, preventing

binding of VEGF ligands and receptor activation [16]. In

the phase III REACH trial (n = 565), ramucirumab as

second-line treatment in patients with advanced hepato-

cellular carcinoma following first-line therapy with sor-

afenib did not demonstrate a significant OS improvement

over best supportive care (primary end point) [hazard ratio

(HR) 0.866 (95 % confidence interval (CI) 0.717–1.046);

P = 0.1391; median OS 9.2 months for the ramucirumab

arm vs 7.6 months for the placebo arm], although

improvements were observed in the secondary end points

of progression-free survival (PFS) [HR 0.625 (95 % CI

0.522–0.750); P\ 0.0001] and response rate (P\ 0.0001)

[17]. Ramucirumab was well tolerated, with an accept-

able safety profile [17]. A prespecified subgroup analysis of

the patient population with a baseline a-fetoprotein (AFP)

level of 400 ng/mL or greater showed an OS improvement

in the ramucirumab group [HR 0.674 (95 % CI

0.508–0.895); P = 0.0059; median OS 7.8 months for the

ramucirumab arm vs 4.2 months for the placebo arm] [17].

To explore the potential differences in efficacy and

safety in the Japanese patients receiving ramucirumab, a

subgroup analysis of the REACH trial was performed in

Japanese patients with advanced hepatocellular carcinoma

following first-line therapy with sorafenib.

Methods

Study design and patients

Details on the study design and patients for REACH have

been published previously [17]. Each center’s institutional

review board or independent ethics committee approved

this study. The study followed the guiding principles of the

Declaration of Helsinki and the good clinical practice

guidelines of the International Conference on Harmonisa-

tion of Technical Requirements for Registration of Phar-

maceuticals for Human Use. All patients provided written

informed consent before enrollment. This study is regis-

tered with ClinicalTrials.gov (NCT01140347).

25 Massachusetts General Hospital Cancer Center, Harvard

Medical School, Boston, MA, USA
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Randomization and procedures

Details on the randomization and procedures have been

published previously [17]. Patients were randomly

assigned in a 1:1 ratio to receive either ramucirumab at

8 mg/kg or placebo intravenously every 2 weeks until

disease progression, unacceptable adverse events, or

withdrawal of consent occurred. All patients received best

supportive care. Predefined dose modifications were

allowed to manage treatment-related adverse events.

Statistical analysis

Detailed statistical methods have been published previ-

ously [17]. Randomization for the intent-to-treat (ITT)

population was stratified by geographic region—region 1

(Brazil, Canada, and the USA) versus region 2 (Europe,

Israel, Australia, and New Zealand) versus region 3

(East Asia)—and the cause of liver disease (hepatitis B

vs hepatitis C vs other causes). The ITT population

comprised all eligible randomized patients, regardless of

study drug administration. The safety population com-

prised all eligible randomized patients who received any

dose of ramucirumab or placebo. The Japanese subgroup

was defined as the subset of the ITT population enrolled

in Japan; patients of Japanese ethnicity enrolled at sites

in countries other than Japan were not included in the

Japanese subgroup. Unstratified HRs from a Cox pro-

portional hazards model and P values from an unstrati-

fied log-rank test are presented for the Japanese

subgroup.

Results

Patients

Ninety-three Japanese patients were enrolled in the ITT

population and randomly assigned to receive either

ramucirumab (n = 45) or placebo (n = 48) (Fig. 1). The

Fig. 1 REACH trial profile for Japanese patients. PD progressive disease
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baseline patient and tumor characteristics were generally

well balanced between the treatment arms, with the

exception of sex (male, 78 % for the ramucirumab arm

vs 90 % for the placebo arm) and Eastern Cooperative

Oncology Group performance status 0 (71 % for the

ramucirumab arm vs 81 % for the placebo arm)

(Table 1). In patients with a baseline AFP level of

400 ng/mL or greater (n = 42), the patient and tumor

characteristics were similar to those of the overall

Japanese subgroup (data not shown). The duration of

therapy was longer for the ramucirumab arm (median of

13 weeks) than for the placebo arm (median of 8 weeks),

and the median relative dose intensity was similar for

both treatment arms (98 % for the ramucirumab arm vs

100 % for the placebo arm) (Table S1).

Efficacy

In Japanese patients, the median OS was 12.9 months for

the ramucirumab arm and 8.0 months for the placebo arm.

The improvement in median OS was 4.9 months [HR 0.621

(95 % CI 0.391–0.986); P = 0.0416; Fig. 2a]. The median

PFS was 4.1 months for the ramucirumab arm and

1.7 months for the placebo arm. The improvement in

median PFS was 2.4 months [HR 0.449 (95 % CI

0.285–0.706); P = 0.0004; Fig. 2b]. Similar results were

demonstrated with stratified analyses (Table S2). Subgroup

analyses also favored a ramucirumab survival benefit in

Japanese patients with hepatitis B [HR 0.450 (95 % CI

0.183–1.110); P = 0.0757] or hepatitis C [HR 0.734 (95 %

CI 0.380–1.420); P = 0.3590] as the cause of the disease.

Table 1 Baseline

characteristics of Japanese

REACH patients

Ramucirumab (n = 45) Placebo (n = 48)

Age

Median (range) 66 (45–85) 67 (25–82)

\65 years 21 (47 %) 22 (46 %)

C65 years 24 (53 %) 26 (54 %)

Male 35 (78 %) 43 (90 %)

ECOG PSa

0 32 (71 %) 39 (81 %)

1 13 (29 %) 9 (19 %)

Cause of liver disease

Hepatitis B 14 (31 %) 16 (33 %)

Hepatitis C 21 (47 %) 22 (46 %)

Other 10 (22 %) 12 (25 %)

Baseline Child-Pugh class A 44 (98 %) 47 (98 %)

Macrovascular invasion present 13 (29 %) 12 (25 %)

Extrahepatic spread present 28 (62 %) 33 (69 %)

Baseline BCLC stage

B 7 (16 %) 11 (23 %)

C 38 (84 %) 37 (77 %)

Prior sorafenib therapy

Sorafenib only 35 (78 %) 35 (73 %)

Sorafenib and other systemic therapy 10 (22 %) 13 (27 %)

Reason for discontinuation of sorafenib therapy

Progressive disease 40 (89 %) 40 (83 %)

Toxicity 5 (11 %) 8 (17 %)

Previous locoregional therapy before sorafenib therapy 44 (98 %) 42 (88 %)

a-Fetoprotein

\400 ng/mL 25 (56 %) 26 (54 %)

C400 ng/mL 20 (44 %) 22 (46 %)

BCLC Barcelona Clinic Liver Cancer staging system, ECOG PS Eastern Cooperative Oncology Group, PS

performance status
a PS of 0 indicates asymptomatic, PS of 1 indicates restricted in strenuous activity but ambulatory and able

to do light work, and PS of 2 indicates ambulatory and capable of all self-care but unable to work
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The objective response rate (ORR) was higher for the

ramucirumab arm [11 % (5 of 45 patients)] than for the

placebo arm [2 % (1 of 48 patients; P = 0.0817] (Table 2).

The disease control rate was higher for the ramucirumab

arm [67 % (30 of 45 patients)] than for the placebo arm

[46 % (22 of 48 patients); P = 0.0462] (Table 2).

Use of posttreatment anticancer systemic therapies in

Japanese patients was similar for the ramucirumab arm

(38 %) and for the placebo arm (44 %) (Table 3). The

types of posttreatment anticancer systemic therapies were

similar for both treatment arms (Table 3).

In patients with a baseline AFP level of 400 ng/mL or

greater, the median OS was 12.9 months for the ramu-

cirumab arm (n = 20) and 4.3 months for the placebo arm

(n = 22). The improvement in median OS was 8.6 months

[HR 0.464 (95 % CI 0.232–0.926); P = 0.0263; Fig. 3a].

In patients with a baseline AFP level of less than 400 ng/

mL, no OS benefit was observed (Fig. 3b).

Safety

The Japanese safety population consisted of 44 patients in

the ramucirumab arm and 47 patients in the placebo arm.

All patients in the ramucirumab arm experienced at least

one any-grade treatment-emergent adverse event (TEAE)

compared with 87 % of patients in the placebo arm. The

TEAEs of grade 3 or higher that occurred in more than 5 %

of patients in the ramucirumab arm were ascites [three

patients (7 %) vs one patient (2 %)], hypertension [three

patients (7 %) vs one patient (2 %)], and cholangitis [three

patients (7 %) vs no patients] (Table 4). Most of the other

TEAEs that occurred in more than 5 % of patients in the

ramucirumab arm were low-grade events (grade 2 or

lower). The any-grade TEAEs with an incidence of at least

20 % for at which there was also at least one event of

grade 3 or higher in the ramucirumab arm and at least a

10 % difference between the treatment arms were throm-

bocytopenia [15 patients (34 %) vs 1 patient (2 %)], fati-

gue [14 patients (32 %) vs 8 patients (17 %)], ascites [13

patients (30 %) vs 2 patients (4 %)], proteinuria [11

patients (25 %) vs 4 patients (9 %)], and hypertension [10

patients (23 %) vs 3 patients (6 %)] (Table 4). Two

patients in the ramucirumab arm (hemorrhage of esopha-

geal varices and hepatic failure) and two patients in the

Fig. 2 Kaplan-Meier estimates of overall survival (a) and progres-

sion-free survival (b) for Japanese REACH patients. CI confidence

interval, HR hazard ratio

Table 2 Best overall response

in Japanese REACH patients
Ramucirumab (n = 45) Placebo (n = 48) P

Best overall response

Complete response 0 0

Partial response 5 (11 %) 1 (2 %)

Stable disease 25 (56 %) 21 (44 %)

Progressive disease 12 (27 %) 22 (46 %)

Not evaluable or not assessed 3 (7 %) 4 (8 %)

Objective response rate 11 % (5/45) 2 % (1/48) 0.0817

Disease control ratea 67 % (30/45) 46 % (22/48) 0.0462

a Best response of complete response, partial response, or stable disease
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placebo arm (septic shock and acute respiratory distress

syndrome) experienced a grade 5 event.

The incidence of adverse events of special interest

(AESIs) in the ramucirumab arm and the placebo arm

are shown in Table 4. The AESIs of grade 3 or higher

that occurred in at least 5 % of patients and at a higher

rate for the ramucirumab arm than the placebo arm were

liver injury/failure [ten patients (23 %) vs five patients

(11 %)], hypertension [four patients (9 %) vs one patient

(2 %)], bleeding/hemorrhage [three patients (7 %) vs one

patient (2 %)], and renal failure [two patients (5 %) vs

no patients]. The most commonly noted grade 3 or

higher liver injury/failure event was ascites [three

patients (7 %) vs one patient (2 %)], and no cases of

ascites were of grade 5. The any-grade AESIs that were

commoner (at least 10 % difference between the treat-

ment arms) in the ramucirumab arm than in the placebo

arm were liver injury/failure [28 patients (64 %) vs 12

patients (26 %)], bleeding/hemorrhage [19 patients

(43 %) vs 5 patients (11 %)], proteinuria [12 patients

(27 %) vs 4 patients (9 %)], hypertension [11 patients

(25 %) vs 3 patients (6 %)], and renal failure [6 patients

(14 %) vs 2 patients (4 %)] (Table 4). Most of the any-

grade bleeding/hemorrhage events in the ramucirumab

arm (12 of 19 bleeding/hemorrhage events) were due to

low-grade epistaxis. Most of the any-grade liver

injury/failure events in the ramucirumab arm were due to

low-grade ascites.

The safety profile of ramucirumab in Japanese patients

with a baseline AFP level of 400 ng/mL or greater was

similar to the profile observed in the overall Japanese

safety population. AESIs for Japanese patients with a

baseline AFP level of 400 ng/mL or greater are presented

in Table S3.

Table 3 Posttreatment

anticancer systemic therapy in

Japanese REACH patients

Ramucirumab (n = 45) Placebo (n = 48)

Any treatment 17 (38 %) 21 (44 %)

Chemotherapy 9 (20 %) 11 (23 %)

Anthracycline 2 (4 %) 1 (2 %)

Fluoropyrimidine 6 (13 %) 9 (19 %)

Gemcitabine 0 1 (2 %)

Platinum 1 (2 %) 5 (10 %)

Other 1 (2 %) 1 (2 %)

Immunomodulatory 2 (4 %) 4 (8 %)

Randomized trial 1 (2 %) 0

Targeted antibody (glypican 3) 1 (2 %) 2 (4 %)

Targeted small molecule 6 (13 %) 9 (19 %)

Vascular endothelial growth factor receptor 4 (9 %) 9 (19 %)

Other 2 (4 %) 0

Fig. 3 Kaplan-Meier estimates of overall survival for Japanese

REACH patients with a baseline a-fetoprotein (AFP) level of

400 ng/mL or greater (a) or less than 400 ng/mL (b). CI confidence
interval, HR hazard ratio
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Discussion

In the ITT population of the phase III REACH trial, sec-

ond-line treatment with ramucirumab demonstrated an

improvement in OS, and statistically significant improve-

ments in PFS, time to radiographic progression, and ORR,

for patients with advanced hepatocellular carcinoma when

compared with placebo [17]. Subgroup analyses of the

REACH ITT population suggested that an elevated base-

line AFP level of 400 ng/mL or greater could identify

patients likely to derive an OS benefit from ramucirumab

therapy [17]. In Japanese hepatocellular carcinoma patients

treated with ramucirumab, improvements in OS, PFS, and

ORR were observed, including an OS benefit for patients

with an elevated baseline AFP level of 400 ng/mL or

greater.

Table 4 Adverse events of

Japanese REACH patients,

irrespective of causality

Ramucirumab (n = 44) Placebo (n = 47)

Any grade Grade C3 Any grade Grade C3

TEAEs in C5 % of patients (any grade) with at least one grade C3 event in the ramucirumab arm

Any 44 (100 %) 22 (50 %) 41 (87 %) 12 (26 %)

Thrombocytopenia 15 (34 %) 1 (2 %) 1 (2 %) 0

Fatigue 14 (32 %) 1 (2 %) 8 (17 %) 1 (2 %)

Ascites 13 (30 %) 3 (7 %) 2 (4 %) 1 (2 %)

Proteinuria 11 (25 %) 1 (2 %) 4 (9 %) 0

Decreased appetite 10 (23 %) 2 (5 %) 11 (23 %) 0

Hypertension 10 (23 %) 3 (7 %) 3 (6 %) 1 (2 %)

Increased aspartate aminotransferase level 6 (14 %) 1 (2 %) 7 (15 %) 4 (9 %)

Leukopenia 6 (14 %) 2 (5 %) 2 (4 %) 0

Neutropenia 6 (14 %) 1 (2 %) 0 0

Anemia 5 (11 %) 2 (5 %) 2 (4 %) 0

Hypoalbuminemia 5 (11 %) 1 (2 %) 1 (2 %) 0

Abdominal pain 4 (9 %) 1 (2 %) 4 (9 %) 0

Arthralgia 3 (7 %) 1 (2 %) 0 0

Cholangitis 3 (7 %) 3 (7 %) 0 0

Dehydration 2 (5 %) 1 (2 %) 1 (2 %) 0

Hepatic cirrhosis 2 (5 %) 1 (2 %) 0 0

Hepatic encephalopathy 2 (5 %) 1 (2 %) 0 0

Hepatic failure 2 (5 %) 2 (5 %) 1 (2 %) 1 (2 %)

Hypophosphatemia 2 (5 %) 1 (2 %) 0 0

Espohageal varices 2 (5 %) 1 (2 %) 0 0

Adverse events of special interest

Any 30 (68 %) 7 (16 %) 13 (28 %) 2 (4 %)

Liver injury/failurea 28 (64 %) 10 (23 %) 12 (26 %) 5 (11 %)

Ascitesb 13 (30 %) 3 (7 %) 2 (4 %) 1 (2 %)

Bleeding/hemorrhagea 19 (43 %) 3 (7 %) 5 (11 %) 1 (2 %)

Epistaxisc 12 (27 %) 0 3 (6 %) 0

Gastrointestinal hemorrhaged 4 (9 %) 2 (5 %) 0 0

Pulmonary hemorrhaged 1 (2 %) 0 0 0

Hepatic hemorrhaged 0 0 1 (2 %) 1 (2 %)

Proteinuriaa 12 (27 %) 1 (2 %) 4 (9 %) 0

Hypertensiona 11 (25 %) 4 (9 %) 3 (6 %) 1 (2 %)

Renal failurea 6 (14 %) 2 (5 %) 2 (4 %) 0

Infusion-related reactiona 3 (7 %) 0 0 0

Arterial thromboembolisma 0 0 0 0

Congestive heart failurea 0 0 0 0

Venous thromboembolisma 0 0 0 0

TEAE treatment-emergent adverse event
a Pooled adverse event term
b Clinical term
c Preferred term
d Pooled adverse event category comprising synonymous MedDRA version 16.1 preferred terms
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The results in the Japanese subgroup are notable for the

impressive median OS difference (4.9 months) observed

for the ramucirumab arm compared with the placebo arm;

in the overall REACH ITT population, the median OS

difference (1.5 months) was not statistically significant

[17]. The OS benefit seen in the overall Japanese subgroup

was maintained in the subset of Japanese patients with a

baseline AFP level of 400 ng/mL or greater, with an

improvement of median OS of 8.6 months and P\ 0.05,

despite the small number of patients in this subgroup. The

median survival difference between the ramucirumab arm

and the placebo arm in the Japanese subgroup is unlikely to

be explained by any imbalance in baseline characteristics

or posttreatment anticancer systemic therapy. Given the

relatively small size of the Japanese subgroup (n = 93), it

is possible that the OS improvement in the Japanese sub-

group is a chance finding. However, the results are con-

sistent with the evidence that ramucirumab has activity in

hepatocellular carcinoma, as demonstrated by the results in

the ITT population [17].

The reasons for potentially longer survival of ramu-

cirumab-treated Japanese patients compared with the

overall REACH ITT population are unclear but may be due

to differences in Japanese patient characteristics or disease

management that result in greater benefit from an effective

therapy [6, 7]. Currently there is no evidence to support a

biological mechanism underlying the potential association

of improved benefits from ramucirumab treatment in

Japanese patients. Differences in disease cause are unlikely

to be responsible for the longer survival of ramucirumab-

treated Japanese patients compared with the overall

REACH ITT population. In the REACH study, hepatitis C

was more commonly reported as the cause in the Japanese

subgroup (46 % hepatitis C and 32 % hepatitis B) com-

pared with the overall REACH ITT population, in which

hepatitis B was more frequent (28 % hepatitis C and 38 %

hepatitis B) [17]. In the overall REACH ITT population,

hepatitis B or hepatitis C did not significantly alter OS [17].

Hepatitis C is a cause that has traditionally been associated

with a better outcome than hepatitis B in patients with

advanced hepatocellular carcinoma receiving antiangio-

genic therapy. A retrospective analysis of the SHARP

study and a phase III study of sunitinib have suggested a

greater treatment benefit from antiangiogenic therapy for

patients with hepatocellular carcinoma with hepatitis C as

the cause [18, 19]. However, analyses of REACH in both

the overall ITT population and in Japanese patients in this

analysis demonstrate a treatment benefit regardless of the

cause, possibly favoring a greater benefit in patients with

hepatitis B, and do not support that the cause is a reason to

expect a better treatment effect in Japanese patients.

Japanese patients in REACH were also likelier to have an

Eastern Cooperative Oncology Group performance status

of 0 (76 % of Japanese patients vs 55 % of the overall ITT

population), to have had prior locoregional therapy (92 %

of Japanese patients vs 73 % of the overall ITT popula-

tion), and to have posttreatment anticancer systemic ther-

apy (41 % of Japanese patients vs 30 % of the overall ITT

population) compared with the overall REACH ITT pop-

ulation [17]. Some of these differences are not only prog-

nostic but might also enhance the probability of deriving a

survival benefit in the ramucirumab treatment arm of the

Japanese subgroup. Differential ramucirumab activity by

ethnicity is unlikely to explain the results in the Japanese

subgroup of REACH; ramucirumab studies in advanced

gastric cancer did not identify a consistent relationship

between ramucirumab activity and geographic region or

ethnicity [20, 21].

The observed safety profile for Japanese patients was

consistent with that of the overall ITT population among

trials of ramucirumab [17, 22, 23]. Ramucirumab was well

tolerated, with similar dose intensities for both treatment

arms; additionally, most patients discontinued ramu-

cirumab treatment because of progressive disease, and only

14 % of patients in the ramucirumab arm discontinued

ramucirumab treatment because of an adverse event.

Ascites, hypertension, and cholangitis were the only

reported grade 3 or higher adverse events occurring in

more than 5 % of Japanese patients with a higher incidence

in the ramucirumab arm, and the occurrence of any of these

events in the ramucirumab arm was less than 10 %; none of

these adverse events were of grade 4 or grade 5. Other

adverse events with a higher occurrence in the ramu-

cirumab arm were generally of a low grade. An increase in

the incidence of AESIs of liver injury/failure, bleeding/

hemorrhage, proteinuria, hypertension, renal failure, and

infusion-related reaction was observed in the ramucirumab

arm compared with the placebo arm. Similarly to the

overall REACH ITT population [17], the increase in the

incidence of AESIs of liver injury/failure and bleeding/

hemorrhage was primarily due to low-grade ascites and

epistaxis respectively.

In the Japanese patients of the REACH trial, ramu-

cirumab treatment improved OS, PFS, and ORR, and

demonstrated a manageable safety profile. In Japanese

patients treated with ramucirumab with a baseline AFP

level of 400 ng/mL or greater, an OS benefit was

observed, consistent with observations for patients in the

overall REACH ITT population with an elevated baseline

AFP level [17]. Further evaluation of ramucirumab in

patients with advanced hepatocellular carcinoma is war-

ranted. The REACH-2 trial will evaluate the safety and

efficacy of ramucirumab in participants, including Japa-

nese patients, with hepatocellular carcinoma and an ele-

vated baseline AFP level (ClinicalTrials.gov identifier

NCT02435433).
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SUMMARY

Background
Hepatocellular carcinoma (HCC) is the sixth most common cancer worldwide
and has high mortality despite treatment. While sorafenib has a survival benefit
for patients with advanced HCC, clinical response is highly variable.

Aim
To determine whether development of sorafenib toxicity is a prognostic marker
of survival in HCC.

Methods
In this prospective multicentre cohort study, patients with advanced-stage HCC
receiving sorafenib were recruited from five international specialist centres.
Demographic and clinical data including development and grade of sorafenib
toxicity during treatment, radiological response to sorafenib and survival time
(months) were recorded prospectively.

Results
A total of 634 patients with advanced-stage HCC receiving sorafenib were
recruited to the study, with a median follow-up of 6692.3 person-months at risk.
The majority of patients were male (81%) with Child–Pugh A stage liver disease
(74%) and Barcelona Clinic Liver Cancer stage C HCC (64%). Median survival
time was 8.1 months (IQR 3.8–18.6 months). 94% experienced at least one sora-
fenib-related toxicity: 34% diarrhoea, 16% hypertension and 37% hand-foot syn-
drome (HFS). Twenty-one per cent ceased sorafenib due to toxicity and 59%
ceased treatment due to progressive disease or death. On multivariate analysis,
sorafenib-related diarrhoea (HR 0.76, 95% CI 0.61–0.95, P = 0.017), hyperten-
sion (HR 0.531, 95% CI 0.37–0.76, P < 0.0001) and HFS (HR 0.65, 95% CI
0.51–0.81, P < 0.0001) were all significant independent predictors of overall sur-
vival after adjusting for age, severity of liver disease, tumour stage and sorafenib
dose.

Conclusion
Development of sorafenib-related toxicity including diarrhoea, hypertension and
hand-foot syndrome is associated with prolonged overall survival in patients
with advanced-stage HCC on sorafenib.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the third most com-
mon cause of cancer-related death worldwide, with an
escalating global incidence and mortality.1 Despite exten-
sive research efforts, the oral multi-tyrosine kinase inhibi-
tor (TKI) sorafenib remains the only established treatment
with proven efficacy for advanced HCC that is recom-
mended in current HCC management guidelines.2–4

Clinical response to sorafenib is highly variable2 and
currently there are no validated biomarkers to predict
tumour response to therapy. Due to the modest survival
benefit of treatment and the potential for sorafenib-related
adverse events to worsen patient quality of life, there is an
unmet need for better prognostic markers to guide clini-
cians in initiating and maintaining sorafenib therapy in
patients with advanced HCC.

The evolving experience in the clinical use of sorafenib
has demonstrated that the development of drug-related
toxicity is associated with prolonged survival in advanced
HCC.5–15 Sorafenib-induced diarrhoea,9, 13, 16 hyperten-
sion9 and hand-foot skin toxicity6, 9, 16 have been shown
to identify a subset of patients with significantly improved
survival outcomes. Such trends have been confirmed by
further studies showing that treatment cessation due to
toxicity predicts longer survival compared to when sorafe-
nib is ceased due to disease progression.8 Toxicity from
TKIs is the result of a complex interplay between the phar-
macokinetic profile of the drug and diverse end-organ sus-
ceptibility towards the drug or its metabolites. In some
instances, drug therapy may produce an exaggerated phar-
macodynamic modulation of the target of interest when
this is expressed in nontumorous tissues, resulting in so-
called ‘on target’ toxicity.17

It is hypothesised that ‘on target’ toxicity, while pro-
ducing undesired effects in noncancerous tissues, might
correspond to a clinically desirable, more potent inhibi-
tion of the target within the tumour, therefore, acting as
a clinical surrogate of efficacy.18 However, reports on the
association between adverse event profiles and survival
have been inconsistent and further validation studies to
confirm this relationship are needed.6

This retrospective analysis of a large, multicentre
prospective HCC patient cohort was designed to further
investigate whether sorafenib-induced toxicities are inde-
pendently associated with prolonged survival in
advanced HCC.

PATIENTS AND METHODS
Patients with HCC were consecutively recruited to the
study from five tertiary centres with specialist

multidisciplinary services for HCC management: Osaka,
Japan (183 patients, 28.9%); Novara, Italy (156, 24.6%);
London, UK (103, 16.3%); Freiburg, Germany (71,
11.2%), and Goyang, South Korea (121, 19.1%). Inclu-
sion criteria included all adult patients (>18 years of
age) with confirmed HCC who were to commence sora-
fenib as per standard of care. Exclusion criteria included
patients under the age of 18 years. All patients had a
diagnosis of HCC based either on imaging or histologic
criteria according to international guidelines.19 Patients
were staged using the Barcelona Clinic Liver Cancer
(BCLC) staging system, which describes liver functional
impairment using the Child–Turcotte–Pugh (CTP)
score.2 Demographic data, imaging and other clinical
details including development of sorafenib-mediated
adverse events were collected prospectively and were
entered directly into a clinical HCC database at the end
of the clinic visit by a member of the research team. The
primary study endpoint was overall survival (OS) after
commencing sorafenib, with the clinical endpoint being
either death or end date of study follow-up, censored on
the 30 March 2015. The study was approved by local
Institutional Ethics Committees and conducted in accor-
dance with the Declaration of Helsinki (update 2004).

Sorafenib treatment and toxicity development
Patients were commenced on sorafenib therapy in accor-
dance with BCLC guidelines.19 At each centre, patients
were routinely reviewed in the HCC clinic at baseline,
2 weeks, 4–6 weeks and 6–8 weeks post commencement
of sorafenib for safety and tolerability review. Patients
with decompensated liver disease and performance
scores ≥2 were excluded. Treatment duration, dose mod-
ifications and sorafenib tolerability were recorded. Sora-
fenib was either commenced at full dose or at a lower
dose then rapidly titrated up to the recommended dose
within 1–2 weeks in order to improve tolerability. Cause
for cessation of therapy due to toxicity, patient prefer-
ence, disease progression or death was also recorded.
Tumour response to sorafenib was also recorded, with
disease progression defined by mRECIST criteria.20 The
onset of sorafenib-related toxicities including hand-foot
syndrome (HFS), diarrhoea, hypertension, nonhand-foot-
syndrome, rash and mucositis was recorded, and toxici-
ties were graded according to the Common Toxicity
Criteria Adverse Events (version 3.0), using the most
severe grade recorded for the purposes of study analysis.
To be included in the analysis, toxicities were defined as
new diagnoses developing within 6 weeks of commenc-
ing maximum intended dose of sorafenib. Diarrhoea was
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determined to be sorafenib-related by the treating clini-
cian and members of the research team if temporally
associated with commencing sorafenib, in the absence of
other causes including infection (excluded by faecal
microscopy and culture) or increased lactulose dosing
for encephalopathy. Sorafenib-related fatigue was not
included in the analysis as fatigue may be multi-factorial
and assessment more subjective than other sorafenib-
mediated toxicities.

Statistical methods
Variables were described using mean and standard devi-
ation or median and interquartile range (IQR). Univari-
ate analysis of variables associated with survival was
performed using Log-rank testing. Factors shown to be
associated with survival on univariate analysis (P < 0.10)
were included in the multivariable analysis, along with
factors well-known to be associated with survival in
HCC in the published literature – namely CTP score,
BCLC score and age. Multivariable analysis was per-
formed using Cox proportional hazards regression mod-
elling with backward elimination and likelihood ratio
testing. Proportional hazards assumption was tested
using log–log plots and Schoenfeld residuals. All analyses
were performed using STATA version 12.1 (Stata Corpora-
tion, College Station, TX, USA).

RESULTS
Six hundred and thirty-four patients with HCC receiving
sorafenib therapy were recruited to the study, with a med-
ian follow-up time of 6692.3 person-months at risk. Of
these, sorafenib-related toxicity data were available for 620
patients (97.7%). The majority of patients were male
(81.1%) with CTP A stage liver cirrhosis (74.1%) and
BCLC C stage HCC (64.5%), with a mean age of
67 � 11.3 years. Thirty-four per cent had hepatitis C,
26% had hepatitis B and 46.2% had alcohol-related liver
disease. A total of 489 patients (77.1%) died during follow-
up and the median OS time for the cohort was 8.1 months
(IQR 3.8–18.6 months). The distribution of clinical factors
among the study group is outlined in Table S1.

Occurrence of sorafenib-related toxicities and their
severity within the study group
Almost all patients ceased sorafenib therapy during the
study period (96.6%), and the median duration of sorafe-
nib therapy was 3.97 months (IQR 1.6–10.3 months).
Indications for treatment withdrawal included unaccept-
able toxicity in 20.6% (124/602) or progressive HCC or
death in 59% (355/602), with 14% due to other reasons.

Overall, 93.8% (595/634) of patients experienced at
least one sorafenib-related side effect (grade 1 severity or
above) within the first 6 weeks of treatment. In total,
38% of patients developed diarrhoea on sorafenib, 16%
developed hypertension, 37% developed HFS, 5% devel-
oped nonhand-foot-syndrome skin rash and 2% devel-
oped mucositis. Most patients only experienced grade 1
or 2 level sorafenib-related toxicity, with less than 10%
of patients experiencing grade 3–4 adverse events. There
were no deaths directly attributable to sorafenib treat-
ment. The distribution of sorafenib-related toxicity
within the study group, graded by severity, is outlined in
Table 1.

Sorafenib-related toxicities are associated with
prolonged OS
The development of any grade toxicity from sorafenib
therapy was associated with prolonged survival in
patients with a diagnosis of HCC. The median survival
time was 8.8 months (IQR 4.3–17.4) in those who devel-
oped sorafenib toxicity (irrespective of severity or type),

Table 1 | Distribution of sorafenib-related toxicities
among the study cohort (n = 634)

Clinical variable (grade of severity) N (%)

Sorafenib-related
diarrhoea (n = 572)

216 (37.8)

1 140 (71.4)
2 44 (22.4)
3 17 (8.7)
4 15 (7.7)

Sorafenib-related
hypertension (n = 489)

80 (16.4)

1 44 (55.0)
2 24 (30.0)
3 12 (15.0)

Sorafenib-related
hand-foot syndrome (n = 571)

209 (36.6)

1 105 (50.2)
2 57 (27.3)
3 46 (22.0)
4 1 (0.4)

Sorafenib-related
nonhand-foot-syndrome
rash (n = 571)

30 (5.2)

1 14 (46.7)
2 5 (16.7)
3 6 (20.0)
4 5 (16.7)

Sorafenib-related mucositis (n = 571) 12 (2.1)
1 11 (91.7)
2 1 (8.3)
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compared with 5.4 months (IQR 2.7–8.8) in those who
did not develop toxicity (P = 0.004, Figure 1). However,
on post hoc analysis no difference in OS was observed
between patients who ceased therapy due to toxicity
compared to patients who ceased therapy for other rea-
sons, such as progressive disease (9.2 months compared
with 7.5 months, P = 0.354; n = 620, Figure 2).

On univariate Log-rank analysis, sorafenib-induced
hand-foot-syndrome (P < 0.0001), diarrhoea (P = 0.004)
and hypertension (P < 0.0001) were all significantly
associated with prolonged survival. In addition, BCLC
stage (P < 0.0001), CTP class (P = 0.034) and age when
sorafenib commenced (P < 0.0001) were also signifi-
cantly associated with survival (Table 2).

We further assessed the presence of a linear associa-
tion between grade of toxicity and survival on univariate
analysis. There was no significant linear trend in hazard
ratios evident across categories of side effect severity
(Table 3). For this reason, we chose to categorise each
adverse event as a binary variable (toxicity present or
absent) and these were included in a multivariable Cox
proportional hazards model. The model was also
adjusted for factors associated with HCC survival in our
dataset and also known from the published literature,
namely CTP class (P = 0.034), BCLC stage (P < 0.0001)
and age when sorafenib was commenced (P < 0.0001).21

A total of 464 patients had complete data for all inde-
pendent variables of interest and were included in the
final multivariable Cox proportional hazards model for

survival. The only significant clinical differences between
patients for whom complete data were available and
those that did not have complete data available was
female preponderance (26.2% compared with 17.5%,
P = 0.036) and a higher proportion with CTP class B
liver disease (36.5% compared with 23.7%, P = 0.006) in
the group without complete data available (Table S2).

Due to significant heterogeneity in HCV treatment
access and eradication rates between international cen-
tres during the period of follow-up, hepatitis C diagnosis
was not included in our final model presented in
Table 4. However, when hepatitis C was included in the
multivariable model, sorafenib-related diarrhoea
(P = 0.019), hypertension (P < 0.0001) and HFS (P =
0.001) remained significantly associated with OS, with
no significant change in hazard ratios (Table S5).

On multivariable analysis, only sorafenib-related diar-
rhoea (HR 0.78, 95% CI 0.62–0.97, P = 0.024), HFS (HR
0.67, 95% CI 0.53–0.84, P < 0.0001) and hypertension
(HR 0.50, 95% CI 0.35–0.71, P < 0.0001) remained
significantly associated with prolonged survival when
adjusted for BCLC stage, CTP class and age (Table 4).
The median survival time was 20.3 months (IQR
8.5–46.1 months) in those who developed hypertension
on sorafenib, compared with 7.0 months (IQR 3.3–
15.7 months) in those who did not (Figure 3a).
Moreover, median survival time was 9.7 months (IQR
8.5–46.1 months) in patients who developed sorafenib-
mediated diarrhoea of any severity, compared to

1.
00

0.
75

0.
50

0.
25

0.
00

0 20 40 60
Survival time (months)

Sorafenib toxicity No toxicity

80

Figure 1 | Comparison of Kaplan–Meier survival time
(months) between HCC patients who developed
sorafenib toxicity of any severity grade, compared with
HCC patients who did not develop sorafenib toxicity
[8.8 months (IQR 4.3–17.4) vs. 5.4 months (IQR 2.7–
8.8), Log-rank P = 0.004, n = 634].
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Figure 2 | Comparison of Kaplan–Meier survival time
(months) between HCC patients who ceased sorafenib
due to sorafenib-related toxicity and HCC patients who
ceased sorafenib for other reasons [9.2 months (IQR
2.87–19.37 months) compared with 7.5 months (IQR
4.07–17.50 months); log-rank P = 0.354, n = 620].
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6.7 months (IQR 3.4–16.3 months) in those who did not
(Figure 3b). and median survival was significantly longer
in patients with HFS compared to patients without
[12.7 months (95% CI 6.6–20.0) compared with
6.4 months (95% CI 2.9–15.1, P < 0.0001; Figure 3c].

There were significant differences in age, gender, aeti-
ology of liver disease, CTP class and HCC stage of dis-
ease between the patient populations at the participating
study centres (Table S3). There was also an association

between study centre and survival (P = 0.001), reflecting
the proportion of patients with advanced-stage HCC at
each centre. To ensure that study centre was not a con-
founder for the apparent relationship between sorafenib-
mediated toxicity and survival, we adjusted our propor-
tional hazards model for study centre. The addition of
study centre did not alter the significant association
between sorafenib-mediated hand-foot-syndrome, hyper-
tension or diarrhoea and survival (Table S4), suggesting
despite significant clinical differences between the HCC
patient cohorts at each study site, centre per se was not
a significant confounding factor for survival in our data-
set.

The association between sorafenib-mediated
diarrhoea, HFS, hypertension and survival is
independent of dose reductions during treatment
Finally, an important consideration was whether the
requirement for dose reductions during treatment was a
confounding factor for the apparent association between
sorafenib-mediated diarrhoea, hand-foot-syndrome and
hypertension and survival. There was no significant dif-
ference in survival between those with a sorafenib start
dose of 400 mg or less per day (59%) compared with
greater than 400 mg per day (41%, v2 P = 0.341). There
was also no significant difference in sorafenib-mediated
toxicity and starting dose (v2 P = 0.243). Data describing
dose reductions during therapy were only available for
109 patients (25%). However, in a post hoc analysis, sor-
afenib dose reduction was not associated with survival
(Log-rank P = 0.211) or with development of diarrhoea

Table 2 | Clinical variables associated with survival in
patients with advanced HCC on sorafenib on univariate
log-rank analysis

Clinical Variable
Median survival
time (IQR; months) P-value

Sorafenib-related diarrhoea (n = 572)
Yes 9.7 (5.37–20.0) 0.004
No 6.7 (3.40–16.30)

Sorafenib-related hypertension (n = 489)
Yes 20.3 (8.47–46.10) <0.0001
No 7.0 (3.30–15.68)

Sorafenib-related hand-foot syndrome (n = 571)
Yes 12.7 (6.60–23.20) <0.0001
No 6.4 (2.90–15.10)

Sorafenib-related rash* (n = 571)
Yes 9.8 (6.20–20.00) 0.892
No 8.1 (3.80–18.63)

Sorafenib-related mucositis (n = 571)
Yes 9.6 (6.30–29.57) 0.861
No 11.6 (4.47–25.07)

BCLC stage (n = 634)
A 17.4 (7.40–40.70) <0.0001
B 9.7 (4.50–20.00)
C 6.8 (3.10–15.00)

CTP class (n = 622)
A 8.9 (4.10–19.50) 0.034
B 6.8 (2.83–16.70)

Age when commenced sorafenib (years)
<50 5.4 (2.60–9.00) <0.0001
50–59 7.5 (3.40–13.40)
60–69 8.3 (3.70–20.50)
70–79 9.3 (4.43–20.20)
≥80 15.5 (5.33–26.93)

Hepatitis B (n = 486)
Yes 6.4 (2.87–15.60) 0.100
No 8.9 (4.20–19.37)

Hepatitis C (n = 615)
Yes 9.3 (4.70–21.20) 0.010
No 7.5 (3.43–16.67)

Alcohol (n = 447)
Yes 6.9 (3.00–12.20) 0.051
No 7.5 (4.11–16.70)

BCLC, Barcelona Clinic Liver Cancer stage; CTP, Child–Turcotte
–Pugh class.

* Rash excluding hand-foot syndrome.

Table 3 | Log-rank univariate association between
sorafenib-related toxicity severity and survival in
patients with HCC treated with sorafenib

Clinical variable HR 95% CI P-value

Sorafenib-related diarrhoea grade (n = 572)
1 0.496 0.390–0.630 <0.0001
2 0.813 0.581–1.139 0.229
3 0.351 0.180–0.686 0.002
4 0.594 0.338–1.045 0.071

Sorafenib-related hypertension grade (n = 489)
1 0.299 0.195–0.458 <0.0001
2 0.396 0.238–0.660 <0.0001
3 0.119 0.030–0.481 0.003

Sorafenib-related hand-foot syndrome grade (n = 571)
1 0.461 0.353–0.601 <0.0001
2 0.487 0.349–0.678 <0.0001
3 0.335 0.229–0.491 <0.0001
4 1.528 0.214–10.929 0.673
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(v2 P = 0.122) or hypertension (v2 P = 0.698). Although
limited by incomplete data and small sample size, these
data suggest that dose reduction was not a significant
confounding factor for the association between diar-
rhoea, hand-foot-syndrome and hypertension and sur-
vival in patients with HCC treated with sorafenib in this
study.

DISCUSSION
Targeted therapies have significantly re-shaped cancer
care over the last three decades. The possibility of target-
ing specific oncogenic molecular traits with orally avail-
able, nonmyelosuppressive small molecule inhibitors has
significantly broadened the therapeutic armamentarium
available for a wide range of solid tumours including
HCC.2 Conventionally, the early-phase clinical develop-
ment of TKIs has followed that of cytotoxic chemother-
apy, in that dose escalation occurs until maximum
tolerated dose (MTD) is attained. However, there is
increasing evidence that for targeted agents, target mod-
ulation does not linearly reflect MTD, making the identi-
fication of an optimal biologically active dose in
relationship with treatment-induced toxicity a con-
tentious point in early-phase trials.22

This study is the largest study to our knowledge to
address the prognostic utility of sorafenib toxicity for
survival in advanced-stage HCC. In this multi-institu-
tional cohort study, which includes patients of diverse
ethnicity and liver disease aetiologies, we demonstrated
that the development of sorafenib-related adverse events
is associated with a significant survival advantage. More-
over, survival of patients with advanced HCC receiving
sorafenib is specifically predicted by development of
diarrhoea, HFS and hypertension, but not other sorafe-
nib toxicities. Importantly, when patients were stratified

by well-recognised prognostic factors in HCC,23, 24

namely CTP class (A vs. B), BCLC class (A, B and C)
and age, the significant association between sorafenib-
induced diarrhoea, HFS and hypertension and survival
remained, with minimal change in hazard ratio, strongly
suggesting the absence of confounding or effect modifi-
cation. These data therefore demonstrate that both sora-
fenib-mediated diarrhoea, HFS and hypertension are
independently associated with survival, across CTP class
and HCC BCLC disease stages.

Various groups have previously reported the associa-
tion between survival and sorafenib toxicity,5–15 corrobo-
rating the evidence from our study that suggests on-
target effects of sorafenib may prove useful prognostic
biomarkers. Importantly, this association with prolonged
survival appears independent of CTP class, age and
tumour stage, suggesting broad utility of sorafenib-
mediated diarrhoea and hypertension as potential prog-
nostic markers in all patients receiving sorafenib therapy
for advanced-stage HCC. This finding was also indepen-
dent of sorafenib dose reduction during treatment; how-
ever, this post hoc analysis was only performed in a
limited subset of 109 patients.

In this study, the majority of patients experienced at
least one grade 1 sorafenib-associated side effect, while
cessation due to grade 3 or 4 toxicity was 20%. Our data
concur with the original SHARP trial, where over 80%
experienced at least one adverse event while on sorafenib
therapy compared to 52% in the placebo group and tem-
porary cessation rates due to toxicity were in the order
of 38% and permanent cessation rates 11%.2 In a further
Asian study, the cessation rate due to sorafenib toxicity
was 19.5%.4 The mixed Asian and Caucasian sample in
this study likely explains why the sorafenib cessation rate
due to adverse effects in this study lies between that
reported in these two pivotal randomised controlled trials.25

We demonstrated that sorafenib-mediated hyperten-
sion was significantly associated with prolonged survival,
a finding that has been previously shown by others.9

The mechanisms underlying the efficacy of sorafenib,
a multi-targeted inhibitor of Raf, Platelet-derived growth
factor-receptor (PDGF-R) and Vascular-endothelial
growth factor-receptor (VEGF-R), are poorly understood
in HCC.25 Evidence suggests that the anti-tumour-effects
at least in part relate to its anti-angiogenic properties.26

Arterial hypertension is a well- known class-effect of
anti-angiogenics and consolidated evidence from the
clinical use of bevacizumab, sunitinib, axitinib and sora-
fenib suggests that this adverse event might be the surro-
gate marker of an effective obliteration of tumour

Table 4 | Clinical variables associated with survival in
patients with advanced HCC on sorafenib: Cox
proportional hazards multivariable analysis (n = 464)

Clinical Variable HR 95% CI P-value

Sorafenib-related
hypertension

0.500 0.353–0.708 <0.0001

Sorafenib-related diarrhoea 0.776 0.623–0.967 0.024
Sorafenib-related
hand-foot-syndrome

0.667 0.531–0.837 <0.0001

BCLC stage 1.266 1.098–1.461 0.001
Age when started
sorafenib

0.986 0.977–0.996 0.006

BCLC, Barcelona Clinic Liver Cancer stage.
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neovasculature, therefore, substantiating the prognostic
value of this adverse event.

Diarrhoea is also a well-described toxicity of sorafenib
therapy27 and several studies including this study have
demonstrated an association between diarrhoea and sur-
vival.9, 13, 16 Bettinger et al.13 reported survival was twice
as long in patients who developed diarrhoea on sorafenib
compared to those who did not (7.1 months vs.
14.1 months). Diarrhoea may therefore represent a marker
of on-target drug concentration and efficacy. An alternative
potential hypothesis regarding the association between the
onset of diarrhoea and sorafenib outcome, may relate to
the impact sorafenib has on the gut microbiome. The gut
microbiome and the role of bacterial translocation in portal

hypertension and advanced liver disease are well estab-
lished, contributing to liver decompensation, encephalopa-
thy and spontaneous bacterial peritonitis (SBP) and
directly impacting survival.28–32 Innate immune stimula-
tion via toll-like receptors TLR2 and TLR4 by translocated
bacterial products, such as lipopolysaccharide, is well
described in liver disease and contributes to inflammatory-
mediated liver damage and decompensation.33 Therapeutic
strategies to reduce bacterial translocation include the use
of lactulose as both aperient and modulator of nitrogenous
bacterial load, as well as antibiotics such as norfloxacin and
rifaximin to directly alter the gut microbiome in advanced
liver disease.31, 34, 35 Sorafenib-induced diarrhoea may lead
to alterations in gut flora or reduction in the load of
nitrogenous commensal bacteria, therefore reducing bacte-
rial translocation and ammonia absorption, akin to the
therapeutic effects of lactulose or rifaximin.33, 36 In turn,
this may improve survival by reducing adverse events such
as liver decompensation and SBP. However, there is cur-
rently no evidence to substantiate this theory and further
studies are needed to elucidate the mechanism of the asso-
ciation between sorafenib-mediated diarrhoea and survival.

Several groups have shown hand-foot-syndrome to be
associated with survival in sorafenib treatment of
advanced HCC.16 Reig et al. demonstrated in a large,
well-designed cohort study that skin toxicities requiring
dose reduction were associated with prolonged survival
in a cohort of 147 HCC patients treated with sorafenib.5

Cho et al. demonstrated skin toxicity was associated with
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Figure 3 | (a) Comparison of Kaplan–Meier survival
time (months) between HCC patients who developed
sorafenib-related hypertension compared with HCC
patients who did not develop sorafenib-related
hypertension [hypertension median survival time
20.3 months (IQR 8.5–46.1), no hypertension
7.0 months (IQR 3.3–15.7), Log-rank P < 0.0001,
n = 489]. (b) Comparison of Kaplan–Meier survival
time (months) between HCC patients who developed
sorafenib-related diarrhoea compared with HCC
patients who did not develop sorafenib-related
diarrhoea [diarrhoea median survival time 9.7 months
(IQR 5.4–20.0), no diarrhoea 6.7 months (IQR 3.4–
16.3), Log-rank P = 0.004; n = 572]. (c) Comparison of
Kaplan–Meier survival time (months) between HCC
patients who developed sorafenib-related hand-foot
syndrome compared with HCC patients who did not
develop sorafenib-related hand-foot-syndrome [hand-
foot-syndrome median survival time 12.7 months (IQR
6.6–23.2); no hand-foot-syndrome 6.4 months (IQR
2.9–15.1), Log-rank P < 0.0001; n = 571].
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prolonged survival in a study of 99 predominantly hep-
atitis B infected patients with BCLC stage C disease.16 Di
Constanzi et al.9 reported that hand-foot-syndrome,
hypertension and diarrhoea were all independently asso-
ciated with prolonged survival in patients receiving sora-
fenib in a cohort of 226 patients, along with AFP level
and radiological response to sorafenib. The authors went
on to validate sorafenib toxicities as prognostic markers
in a validation cohort of 57 patients. In a further study
by Shin et al.15 (n = 99), hand-foot-syndrome was found
to be associated with survival, but not hypertension.
However, several of these studies are limited by their ret-
rospective nature9, 15, 16 and generally studies have been
performed in relatively homogenous cohorts of patients
with respect to aetiology of liver disease and ethnic-
ity,5, 9, 15 with two of the studies performed in Asian
cohorts of patients with viral hepatitis. In this study, we
also demonstrated a significant association between
developing HFS and survival in advanced-stage HCC.

Iavarone et al.8 also demonstrated in a prospective
study of 260 patients that cessation of sorafenib due to
toxicity compared with ceasing sorafenib for other reasons
was associated with prolonged post-sorafenib treatment
survival. Though these data support our finding that sora-
fenib toxicity is associated with survival, unlike Iavarone
and colleagues,8 we did not demonstrate a significantly
longer survival time in patients who ceased sorafenib due
to toxicity compared with those who ceased sorafenib for
other reasons such as disease progression in our large
prospective cohort. However, this was not a primary end-
point in our study, which focussed on the association
between sorafenib toxicity and survival; therefore, there
may have been reduced power to discern a difference in
survival between those who ceased sorafenib due to toxic-
ities compared with other reasons in our study. The dif-
ference in findings may also be explained by differences
in the underlying patient cohort. In the Iavarone study,
patients generally had more advanced HCC disease (41%
macrovascular invasion compared with 33% in this
study), and more advanced liver disease (42% CTP class
B compared with 25% in this study). In addition, Iavar-
one et al. classified all patients who ceased sorafenib due
to progressive disease and toxicities as ceasing due to pro-
gressive disease only, whereas in our study these cate-
gories were not mutually exclusive, therefore, some
patients who ceased treatment due to side effects may also
have had progressive disease in our study.

There are limitations to our study. Data for sorafenib
toxicities were incomplete for some participants due to
differences in side effect recording practices between the

three centres, particularly for hypertension. While the
study cohort was followed prospectively and all data
recorded prospectively, data on sorafenib-mediated toxic-
ities were not systematically collected at all centres
throughout the study period as this was not a primary
objective of the original cohort study design. We did not
impute data and did not seek to retrieve missing data
retrospectively to reduce observer bias and this limited
the number of patients who provided data for the multi-
variable analysis, potentially reducing study power to
detect associations between sorafenib toxicities and sur-
vival. Selection bias may also have been introduced due
to systematic differences in patients for whom sorafenib
toxicity data were recorded and those who did not have
these data recorded. However, we demonstrated that the
only significant clinical differences between patients with
complete toxicity data and those without was female pre-
ponderance and CTP B disease (Table S2). As gender
was not associated with survival in our dataset and CTP
class was accounted for in the analysis, it is unlikely that
these differences resulted in significant bias of the results.
Moreover, HCC management was similar in all centres
of the study in accordance with international guidelines
and recruitment site was not significantly associated with
either side effect reporting or with survival (Tables S3
and S4). Finally, adjusting our survival model for treat-
ment centre did not appreciably change the strength of
association between sorafenib-related toxicities and sur-
vival (Table S4), suggesting centre-related factors were
not significant confounding factors in this study.

A further potential confounder for the relationship
between sorafenib-mediated toxicity and survival is dura-
tion of sorafenib treatment, as longer duration would rea-
sonably be associated with a higher probability of
developing toxicity and also surviving longer to remain on
sorafenib. In our study, we sought to minimise this effect
by only including toxicities that developed within 6 weeks
of commencing sorafenib therapy, particularly as adjusting
the model for duration of sorafenib is problematic due to
strong collinearity between duration of sorafenib and sur-
vival. Another limitation was that dose reduction data
were only available for 25% of the study cohort and no
data were available for temporary dose alterations during
treatment. However, post hoc analysis of these limited data
coupled with the lack of association between sorafenib
dose, sorafenib-related toxicities and survival do not sup-
port a confounding or effect modifying role of sorafenib
dose on the relationship between sorafenib toxicity and
survival. Finally, we did not demonstrate a relationship
between grade of toxicity and OS. This may reflect the
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relatively small numbers of patients per strata available for
analysis when OS was stratified by toxicity grade. How-
ever, our data are also consistent with published data from
the use of TKIs in other malignancies, suggesting that in
this drug class it is the presence of toxicity rather than the
grade that is prognostic.37

In this large, retrospective analysis of prospectively
collected sample data, the data demonstrate a clear rela-
tionship between the development of diarrhoea, HFS and
hypertension and survival in a large cohort of patients
receiving sorafenib for advanced HCC, spanning various
aetiologies, ethnicities and disease severities. Moreover,
hypertension, change in stool frequency and/or consis-
tency and HFS can be reliably determined in the clinic.
These data suggest development of these toxicities may
have broad applicability as potentially useful prognostic
markers across a wide spectrum of HCC patients treated
with sorafenib.

CONCLUSION
The development of sorafenib-related toxicity is associ-
ated with prolonged survival in patients with advanced
HCC receiving sorafenib therapy. Specifically, develop-
ment of diarrhoea, hand-foot-syndrome and hyperten-
sion are independently associated with prolonged
survival, independent of age, underlying liver disease
severity or stage of HCC. Development of diarrhoea,
hand-foot-syndrome and/or hypertension whilst on sora-
fenib may therefore prove to be a potentially useful
prognostic biomarker in HCC and further validation
studies are urgently warranted.

SUPPORTING INFORMATION
Additional Supporting Information may be found in the
online version of this article:
Table S1. Distribution of clinical variables within the

study cohort (n = 634).

Table S2. Differences in clinical factors between
patients for whom complete sorafenib-related toxicity
data were available and those without complete data
available (univariate analysis).
Table S3. Clinical differences in the HCC patient

cohort at each participating centre (univariate analysis).
Table S4. Multivariable model for survival in-patients

on sorafenib, adjusted for study centre.
Table S5. Multivariable Cox proportional hazards

model for survival in patients on sorafenib, adjusted for
hepatitis C (n = 464).
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Reply to the Letter to the editor ‘Sorafenib

plus hepatic arterial infusion chemotherapy

with cisplatin versus Sorafenib for

advanced hepatocellular carcinoma:

randomized phase II trial’ by Fornaro et al.

We thank Dr Fornaro et al. [1] for their interest in our recent art-

icle entitled ‘Sorafenib plus hepatic arterial infusion chemother-

apy with cisplatin versus sorafenib for advanced hepatocellular

carcinoma: randomized phase II trial’ [2].

As Fornaro et al. have pointed out, our randomized phase II trial

contained some imbalances in regard to the baseline patient charac-

teristics between the two treatment arms. The proportions of pa-

tients with hepatitis B virus infection, Barcelona Clinic Liver Cancer

Group stage C and portal vein tumor thrombosis (PVTT), which

are well-known unfavorable prognostic factors of sorafenib [3],

were higher in the SorCDDP arm than in the sorafenib arm, and the

survival benefit would have become greater if they had been bal-

anced. Despite PVTT having been a dynamic allocation factor, there

was an imbalance between the two arms. In this trial, the randomiza-

tion was conducted by an independent data center using the mini-

mization method with biased-coin assignment, and the planned

random assignment ratio was 2:1. Unlike the use of permutation

blocks, the resultant allocation ratio was not exactly 2:1 due to ran-

dom error of the biased-coin (the actual randomization ratio in this

trial was 1.6:1). The randomizationmethod on the program and the

allocation log at the data center were re-checked, and no problem

was detected. Therefore, we, including our trial statistician (TS),

concluded that this was within the range of acceptability of random-

ization errors and believed that our result was valid, because adjust-

ments were made for the stratification factors, including PVTT, in

the primary analysis.

Also, Fornaro et al. mention the potential bias introduced by the

high proportion of patients administered subsequent locoregional

treatments, including HAIC, transarterial chemoembolization or

local ablation in the SorCDDP arm. The proportion of patients

receiving subsequent locoregional treatments was slightly higher in

the SorCDDP arm than in the Sorafenib arm (29 versus 15 patients;

44.6% versus 36.5%). It was speculated that this difference was a re-

sult of the more favorable tumor shrinkage effect of SorCDDP, with

the consequent smaller tumor burden and improved hepatic func-

tion facilitating the use of further locoregional treatments.

Fornaro et al. show a great interest in the efficacy at the liver

sites, not including the extrahepatic sites. The response rate at the

liver sites alone was 25.0% in the SorCDDP arm and 7.3% in the

Sorafenib arm, with the overall response rates also being similar.

The time to progression at the liver sites were also the same as the

overall time to progression. Because most of the enrolled patients

in this study had intrahepatic-predominant advanced HCC, the

presence of extrahepatic metastases did not significantly affect

the tumor response rates or time to progression.

Finally, Fornaro et al. suggest that administration of sorafenib

before HAIC could lead to better clinical outcomes considering

the sensitized and synergistic effect with cisplatin and the antian-

giogenic activity of sorafenib [4, 5]. We thank them as we con-

sider this to be insightful advice for future planning of combined

SorCDDP treatment.
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Successful mTOR inhibitor therapy for a

metastastic neuroendocrine tumour in a

patient with a germline TSC2 mutation

We here report a 41-year-old patient with tuberous sclerosis and

a known germline mutation in the TSC2 gene. During ultrasound

tumour screening done for unexplained varicella reactivation a

tumour of the left kidney and a lesion in the pancreatic tail were

discovered. Pathologic examination of the surgical removed

tumours revealed an angiomyolipma of the left kidney and a

well-differentiated neuroendocrine tumour of the pancreas

(pT2N0cM0,V0L0) with a proliferative index of 5% (G2).

According to guidelines no adjuvant therapy was given and the

patient was entered into our 6-monthly follow-up scheme. 12

months after the successful removal of the primary tumour the

patient developed four new small lesions in the liver with a MRI-

morphology coherent with neuroendocrine tumour metastasis.

The development of pancreatic neuroendocrine tumours in

patients with tuberous sclerosis is a rare event with <20 reports

in the literature [1]. Therefore, no experience with regard to

treatment is available. It is well known, that TSC2 is a negative

upstream regulator of the mTOR pathway resulting in an uncon-

trolled mTOR activation in patients carrying loss of functionmu-

tations in TSC1 or TSC2 genes. Indeed, immunohistochemistry

of the primary tumour confirmed strong activation of the Akt/

mTOR pathway in our patient (Figure 1). Given the positive data

on the use of everolimus for benign tumours in patients with tu-

berous sclerosis we considered starting everolimus as a first line

therapy in our patient [2]. On the first treatment control scan

done after 3 months we already observed a partial remission of

liver metastasis and continued treatment. Six months after the

initiation of therapy we achieved a 46% reduction of liver tumour

burden with two lesions even no longer visible. Treatment was

well tolerated except for grade 2 hypophosphatemia requiring

long-term phosphate supplementation.

Apart from using PARP inhibitors for tumour therapy in BRCA

mutation carriers to enhance DNA-damage response, this is one of

the rare cases of a successful signalling pathway targeting therapy

of a malignant tumour in a patient harbouring a germline muta-

tion in the targeted pathway. Data from a large randomized trial of

everolimus in pancreatic neuroendocrine tumours (pNETs) de-

scribe halt of tumour growth in the majority of patients, whereas

partial tumour regression was only observed in 5% of patients [3].

The strong response towards treatment in our patient was unex-

pected, but points to a driver function of TSC2 mutations in

pNETs directly activating the mTOR pathway. It is open to specu-

lation, whether similar mutations might be found in the subgroup

of patients responding well to everolimus treatment. Loss of TSC2

expression is correlated with a poor prognosis in pNET patients,

but has not been evaluated as a stratifying factor for therapeutic

options [4]. Interestingly, increased activation of the mTOR

Figure 1. Immunohistochemistry on a paraffin-embedded tumour specimen of the patient’s
primary pancreatic tumour showing strong activation of Akt, mTOR and the mTOR downstream
target 4-EBP1 in the tumour. Activation of mTOR and 4-EBP1 was higher in tumour cells
compared to adjacent normal pancreatic islets (small insert images). Immunohistochemistry was
performed using antibodies for phospho-AktSer473, phospho-mTORSer2448 and phospho-
4EBP-1Thr37/46 (all from Cell Signalling, Danvers, MA).
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Immunopathogenesis of pancreatitis
T Watanabe1,2, M Kudo1 and W Strober2

Theconventional viewof thepathogenesis of acute andchronic pancreatitis is that it is due to agenetic- or environment-

basedabnormality of intracellular acinar trypsinogen activation and thus to the induction of acinar cell injury that, in turn,

sets in motion an intra-pancreatic inflammatory process. More recent studies, reviewed here, present strong evidence

thatwhile such trypsinogenactivation is likely anecessary first step in the inflammatorycascadeunderlyingpancreatitis,

sustained pancreatic inflammation is dependent on damage-associated molecular patterns-mediated cytokine

activation causing the translocation of commensal (gut) organisms into the circulation and their induction of innate

immune responses in acinar cells. Quite unexpectedly, these recent studies reveal that the innate responses involve

activation of responses by an innate factor, nucleotide-binding oligomerization domain 1 (NOD1), and that such NOD1

responses have a critical role in the activation/production of nuclear factor-kappa B and type I interferon. In addition,

they reveal that chronic inflammation and its accompanying fibrosis are dependent on the generation of IL-33 by injured

acinarcells and itsdownstream inductionof Tcells producing IL-13. These recent studies thusestablish thatpancreatitis

is quite a unique form of inflammation and one susceptible to newer, more innovative therapy.

INTRODUCTION

Pancreatitis is amajor inflammatory disease of the gastrointestinal
tract and one that has so far been resistant to specific treatment.1–4

It manifests as an acute or chronic disease, each displaying some
overlapping and some unique characteristics: the acute form is a
new-onset inflammation occurring in a previously uninflamed
pancreas that may resolve before causing permanent damage to
the pancreas; in contrast, the chronic form is an ongoing
pancreatic inflammation in which the underlying inflammation
similar to that driving the acute disease is accompanied by
processes leading to pancreatic atrophy and fibrosis.2,5

Over the past two decades, a great deal has been learned
concerning its pathogenesis, particularly the role of inap-
propriate trypsinogen activation in the initiation of the
inflammatory process. This has been well-discussed in several
current reviews and therefore will be only summarized here.6,7

Until recently, however, the relation of pancreatitis to the gut
microbiome and to related factors that drive the pathological
immunological response has been shrouded in mystery. In this
review, we will focus on this aspect of pancreatitis pathogenesis
and try to establish the thesis that innate immune responses are
an integral part of the pathogenesis of pancreatitis.

TRYPSINOGEN ACTIVATION AND PANCREATITIS

The most widely held understanding of the pathogenesis of
pancreatitis is that it is an inflammation initiated and/or
sustained by a disturbance in pancreatic acinar cell control of
pancreatic digestive enzymes.1–4,6–8 To understand how this
may be the case it is important to know that digestive enzymes
synthesized in pancreatic acinar cells are normally maintained
in an inactive form (i.e., as zymogens such as trypsinogen)while
in the acinar cells and in the draining ducts and are converted to
anactive form(suchas trypsin)onlyuponentry into thegut lumen
by enterokinase or trypsin itself.6–9 Thus, factors that cause
premature intra-acinar cell activation of the inactive enzymes
have the potential of causing auto-digestion of acinar cells and
ensuing events that cause sustained pancreatic inflammation.
Several mechanisms of such premature and inappropriate
activation of normally inactive zymogens have been put
forward and include trypsinogen autoactivation, activation
of trypsinogen by lysosomal hydrolase cathepsin B (CatB)
caused by shifting of trypsinogen into cellular compartments
rich in proteases (lysosomes) and imbalances between degrad-
ing and activating acinar cell cathepsins. It should also be noted
that activation of pancreatic proteases requires the presence of

1Department of Gastroenterology andHepatology, Kindai University Faculty ofMedicine, Osaka-Sayama,Osaka, Japan and 2Mucosal Immunity Section, Laboratory of Host
Defenses, National Institute of Allergy and Infectious Diseases, National Institutes of Health, Bethesda, Maryland, USA. Correspondence: T Watanabe or W Strober
(tomohiro@med.kindai.ac.jp or wstrober@niaid.nih.gov)
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increased intracellular calcium concentrations; thus, distur-
bances in such concentrations could be a contributing cause of
pancreatitis.6–9

This ‘‘enzyme (trypsin) activation-centered’’ view of the
pathogenesis of pancreatitis derives strong support from
studies of genetic defects in humans that pre-dispose indivi-
duals to the development of pancreatitis.10 For example, various
mutations in the gene encoding cationic trypsinogen, the main
form of trypsinogen subject to activation after secretion (the
protease serine 1 (PRSS1) gene) cause an autosomal dominant
susceptibility to acute and chronic pancreatitis because these
mutations render the molecule more susceptible to activation
or less able to undergo intracellular autolysis.10 Similarly,
mutations in the gene encoding an inhibitor of activated trypsin
that is normally present within the acinar cell (the serine
protease inhibitor, Kazal type I (SPINK1) gene) that renders the
inhibitor incapable of inhibition cause an autosomal recessive
susceptibility to pancreatitis.10

Additional support for the concept that inappropriate
trypsinogen activation initiates pancreatitis comes from studies
of experimental models of pancreatitis. The most widely
studied of such models is the pancreatitis induced in mice by
administration of ‘‘supra-maximal’’ amounts of the pancreatic
secretagogue, cholecystokinin (CCK) or, more commonly, by
administration of the CCK analog, cerulein. The reason why
pancreatitis is caused by high doses of CCK/cerulein (and not
physiological doses) is somewhat unclear. However, there is
evidence that high-dose CCK/cerulein stimulation causes
activation of acinar cells via low-affinity CCK receptors rather
than high-affinity receptors and this form of activation has the
effect of causing intracellular ultra-structural changes that
result in inhibition of acinar cell secretion.8 This, in turn, results
in the rapid accumulation of trypsinogenwithin acinar cells and
exposure of accumulated trypsinogen to factors that result in
trypsinogen activation.8 As indicated by the fact that inhibition
or deletion of CatB leads to greatly reduced cerulein-induced
pancreatitis, one possible trypsinogen activating factor is the
co-localization of zymogen granules with an activating CatB.8

A challenge to the concept that trypsinogen activationwithin
acinar cells is a key initiating event in cerulein-induced
pancreatitis (i.e., in pancreatitis in general) comes from recent
studies showing that mice in whom there is deletion in T7
isoform of trypsinogen (the form of trypsinogen equivalent to
‘‘cationic trypsinogen’’ that has been implicated in acinar cell
destruction and pancreatitis in humans) exhibit absence of
trypsinogen or chymotrypsin activation and a 50% reduction in
acinar cell necrosis following initiation of cerulein-induced
pancreatitis. Nevertheless, these mice exhibited similar levels of
pancreatitis and lung inflammation as assessed by neutrophil
infiltration and pancreatic histology.11 Moreover, in additional
studies inwhichmicewere given repeated doses of cerulein over
many weeks to induce chronic pancreatitis, absence of T7
trypsinogen again had no effect on the development of cerulein-
induced chronic pancreatitis.12 In both the studies of acute and
chronic pancreatitis, T7-deletion was associated with lack of
cerulein-induced chymotrypsin and elastase generation so that

the effect of T7-deletion was apparently not being compensated
by increases in the activation of these zymogens. Finally,
whereas both acute and chronic cerulein-induced pancreatitis
occurred in mice lacking cationic trypsin, these inflammations
were accompanied by the early appearance of nuclear factor-
kappa B (NF-kB) in acinar cells. This, in turn, implied that
induction of a trypsinogen activation-independent inflamma-
tory response was the paramount initiator of pancreatitis.

The overall conclusion drawn from these findings was that
whereas early pancreatic injury and inflammation could
conceivably occur as a result of trypsinogen activation, both
acute and chronic pancreatitis can and does proceed in the
absence of such activation. The weakness of this conclusion lies
in the fact that deletion of T7 trypsinogen leaves intact the
expression of other forms of trypsinogen that can also undergo
autoactivation and thus cause pancreatitis in mice if not in
humans.13 Thus, while in vitro acinar cell necrosis resulting
from exposure to super-maximal CCKR stimulationwas shown
to be dependent on T7 trypsinogen, in vivo acinar cell necrosis
induced by cerulein occurred in the absence of T7 trypsinogen,
albeit to a reduced extent, presumably due to activation of
other trypsinogen isoforms that occurs in vivo.11 On this basis,
these studies of T7 trypsinogen deletion do not negate the idea
that experimental pancreatitis is initiated if not sustained by
dysregulation of trypsinogen activation; on the contrary, this
idea still holds as does the concept that experimental
pancreatitis mimics human pancreatitis where evidence that
abnormalities of trypsinogen activation is a primary cause of
pancreatitis is buttressed by genetic studies.

A second set of findings raising a question concerning the
trypsin-centered concept of pancreatitis development comes
from a recent study showing that genetically engineeredmice in
whom one can induce activation of trypsinogen in acinar cells in
the absence of cerulein stimulation do in fact develop acute
pancreatitis associated with acinar cell apoptosis and necrosis.14

However, in this case trypsinogen activation did not lead to
sustained pancreatitis. These findings thus suggest that whereas
intracellular trypsinogen activation is dispensable for the
development of cerulein-induced pancreatitis as indicated by
theT7-deletion studies above, such activation cannevertheless be
an initiating cause of pancreatitis. Thus, while they dispute the
T7-deletion studies by showing that inappropriate trypsinogen
activation can indeed induce acute pancreatitis, they support the
T7- deletion studies by showing that other changes in the acinar
cells induced by supra-maximal cerulein-mediated CCKR
stimulation are necessary to induce a sustained inflammation.15

Of particular interest is the relation of trypsinogen activation
to the ingestion of alcohol since excess alcohol consumption is
one of the leading causes of pancreatitis in humans.5 However,
it is difficult to induce pancreatitis in experimental animals by
administration of alcohol alone and it is thus likely that alcohol
is not a primary cause of pancreatitis, but rather a secondary
cause that potentiates other pancreatitis inducing factors
(at least in rodents).7 One possibility in this context is the
known ability of alcohol (i.e., ethanol) to cause increased
viscosity of pancreatic secretions and thus to favor obstruction
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to pancreatic outflow, a feature of cerulein-induced pancrea-
titis. The second possibility is that alcohol consumption causes
increased gut permeability and the penetration of bacteria and/
or bacterial products into the circulation; as discussed more
fully below, this results in increased exposure of acinar cells to
gut bacterial components and the activation of the NLRP3
(NOD-like receptor family pyrin domain containing-3)
inflammasome due to signaling via toll-like receptor 4
(TLR4).16 This idea is fully supported by the clinical observa-
tion that plasma concentrations of endotoxin are elevated in
patients with alcoholic-related diseases.17 The final and perhaps
the most important possibility relates to the capacity of ethanol
to enhance CCK activation of NF-kB via phosphorylation of
protein kinase C (PKC).18 This last mechanism suggests that
ethanol has a direct role in the stimulation of a key signaling
pathway necessary to the induction of pancreatic inflammation.

Cigarette smoking is another risk factor for acute and chronic
pancreatitis and one that appears to potentiate the effect of
alcohol.19 The mechanisms underlying this association are
poorly understood and likely to be multifactorial, reflecting the
fact that cigarette smoke contains many factors that might
affect a number of aspects of pancreatic inflammation.

AUTOPHAGY AND PANCREATITIS

Autophagy is an essential cellular process through which long-
lived proteins and cytoplasmic organelles are degraded and
used for recycling.20 In this process, targeted proteins become
entrapped in double-membrane autophagic vacuoles and are
then subjected to proteolytic digestion when the autophagic
vacuoles are fused with lysosomes.20 Given the fact that
pancreatitis is marked by acinar cells in which proteolytic
enzymes normally sequestered in protective granules are
released into the cytoplasm it was reasonable to assume that
defective autophagic function is an important, even primary,
cause of pancreatitis (see reviews by Gukovskaya and
Gukovsky).21,22 The most compelling evidence in support
of this concept comes from studies of mice with specific
deletions of key autophagy genes such as that of Diakopoulos
et al. who showed that mice with pancreas-specific autophagy-
related 5 (ATG5) deficiency, develop chronic pancreatitis
accompanied by acinar cells showing evidence of endoplasmic
reticulum stress.23 Likewise, Antonucci et al.,24 showed that
mice with pancreatic epithelial cell loss of ATG7, develop
chronic pancreatitis and extensive fibrosis, also associated with
endoplasmic reticulum stress. Finally, in related studies it was
shown by Li et al.25 that mice deficient in IkB kinase a (IKKa)
develop spontaneous chronic pancreatitis and display elevated
levels of acinar cell trypsinogen due to defective degradation of
proteins in autophagic vesicles. These pathological changes as
well as the presence of enhanced oxidative and endoplasmic
reticulum stress were thought to be due to accumulation of
protein aggregates dependent on p62, a protein normally
cleared by autophagy, since ablation of p62 partially reversed
changes due to IKKa deletion. The mechanism of the effect of
IKKa deletion on autophagy was somewhat unclear but since

IKKa binds to ATG16L2, defective function of this autophagy
protein may be the cause of the defective autophagy.23,25

Since deletion of autophagy genes does not occur in human
pancreatitis, or even most forms of murine experimental
pancreatitis, one must look elsewhere to implicate an
autophagy defect in pancreatic inflammation. This could
come from autophagic defects arising from abnormalities
affecting fusion of lysosomes with autophagosomes or from
inhibition of proteolytic degradation of proteins in fused
autophagocytic-lysosomal vacuoles.21 Relating to the first of
these possibilities, Fortunato et al., reported that pancreatitis
was accompanied by abnormalities in the function of lysosomal
associated membrane protein 2 (LAMP2), a protein necessary
for the completion of autophagosome–lysosome fusion. These
investigators showed that rats subjected to alcohol and
lipopolysaccharide (LPS) exposure display impaired autopha-
gic vacuole–lysosome fusion due to the depletion of LAMP2 in
pancreatic acinar cells and thus decreased autophagic
protein degradation.26 These findings are supported by those
of Mareninova et al. who showed more recently that mice
deficient in LAMP2 are subject to the spontaneous pancreatitis
marked by impaired autophagy.27 In addition, they are
supported by studies in humans that showed reduced
expression of LAMP-2 in pancreatic tissue of patients with
pancreatitis.

The second of the above possibilities, namely defective
degradation of autophagosomal contents, is also reported to be
involved in the development of pancreatitis.28 Thus, Mar-
eninova et al. found that autophagosome size and number were
greatly increased in pancreatic acinar cells of rats with
pancreatitis induced by cerulein or arginine compared with
acinar cells of rats subjected to starvation and, furthermore, this
was due to greatly decreased protein degradation as compared
with starved cells.28 In additon, Mareninova et al. found that
cathepsin L (CatL) activity, an enzyme that inhibits trypsin
activity by degrading both trypsinogen and trypsin, is impaired
in mice with pancreatitis whereas cathepsin B (CatB), an
enzyme that converts trypsinogen to trypsin is less impaired.
Thus, an imbalance betweenCatL activity andCatB activity was
suggested to be one of the mechanisms by which impaired
autophagy contributes to pancreatitis.

Despite these various studies of abnormal autophagy in
pancreatitis it remains unclear that this process has a primary
role in this form of inflammation. The fact that genetic defects
of autophagy components caused by gene deletion can lead to
pancreatitis in itself may simply reflect that fact that normal
pancreatic cell generation of trypsin requires efficient clearance
of non-secreted active enzyme by an autophagic mechanism
and pancreatitis ensues in the absence of this mechanism.
Alternatively, defects in autophagymay be a secondary effect of
the pancreatitis. This could be a consequence of a pancreatitis-
induced effect on cathepsin enzymes or other intracellular
factors that may impair autophagic function. In support of this
possibility, Mareninova et al. have shown that CatB causes
cleavage of LAMP27 and it is thus possible that generation of
CatB as a result of a pancreatitis inducer (see discussion above)
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has an inhibitory effect of autophagic function. It is important
to note, however, that even if an autophagy defect is a secondary
consequence of pancreatitis it may have a significant ability to
aggravate a primary defect since the need to clear increased
trypsin generated by the pathological process becomes more
critical in the face of a primary defect.

NECROPTOSIS AND PANCREATITIS

Amajor feature of pancreatitis, pancreatic acinar cell death, can
conceivably occur as a result of apoptosis or necroptosis
(programed necrosis). To some extent which of these death
processes is operative may be species-dependent since in the
rat model of cerulein-induced pancreatitis apoptosis is the
dominant cell death process, whereas in the corresponding
mouse model, necrosis is the dominant process.29 These
unexpected species differences are likely related to the fact that
the molecular processes underlying apoptosis and necrosis are
different but related. Under pathological conditions apoptosis
ismost oftenmediated by tumor necrosis factor-alpha (TNF-a)
activation of TNF receptor type 1-associated death domain
protein (TRADD)/ Fas-associated protein with death domain
(FADD) or receptor-interacting protein kinase 1 (RIP1)/RIP3
followed by activation of caspase-8, the actual ‘‘executioner’’
molecule.30 In some contrast, necroptosis is mediated by
TNF-a activation of RIP1/RIP3 followed by RIP3 binding to
and activation of MLKL (mixed lineage kinase domain-like), a
newly defined executioner molecule.31 Various stimuli that
cause the generation of TNF-a or, alternatively, TLR3 or TLR4
signaling can result in necroptosis, but the circumstances under
which this mechanism of cell death occurs rather than
apoptosis remains to be clarified. Since caspase-8 inhibits
necroptosis, one possibility is that necroptosis occurs when
caspase-8 is not generated or is inactivated; alternatively, it is
possible that necroptosis occurs when RIP3 is highly activated,
since this kinase is uniquely involved in necroptosis. In linewith
these possibilities, caspases are activated and RIP is cleaved in
rat cerulein pancreatitis whereas an endogenous inhibitor of
caspases (XIAP) undergoes degradation in this model.29 In
contrast, caspase induction in the mouse cerulein model leads
to increased apoptosis and decreased necrosis. Thus, caspase
and RIP levels (or state of activation) seem to determine
whether acinar cell death in cerulein pancreatitis is predomi-
nantly mediated by apoptosis or necrosis.29

In more recent studies of acinar cell death in cerulein
pancreatitis in mice, it has been shown that mice with
deletions of RIP3 or MLKL are highly resistant to cerulein
pancreatitis.32,33 These findings provide further verification
that acinar cell death in murine cerulein pancreatitis is
mediated by necroptosis rather than by apoptosis. Whether
a similar situation obtains in other forms of murine experi-
mental pancreatitis or in human pancreatitis remains to be
seen. This is not a trivial question since the form of cell death
occurring in pancreatitis could determine a unique approach to
the treatment of the disease. It should be noted, however, that
both forms of cell death are initiated by TNF-a, indicating that
generation of this cytokine during the inflammation can

mediate either apoptosis or necroptosis and in this sense,
pancreatitis in different species and in different models may be
similar.

Recently it has been shown that necroptosis is also involved
in pancreatic oncogenesis in that expression of RIP1 andRIP3 is
elevated in human pancreatic ductal adenocarcinoma and
inhibition/deletion of these components lead to decreased
tumor progression.34 This may relate to the fact that RIP1/
RIP3-induced necroptosis induces CXCL1 production and
SAP130 activation of Mincle, which then leads to the
accumulation of myeloid-derived suppressor cells and Min-
cle-stimulated dendritic cells in the tumor environment that
suppress T cells with anti-tumor activity.Whether this complex
mechanism influences pancreatitis progression is currently
unknown.

INITIATION OF INFLAMMATION IN PANCREATITIS BY

STIMULATION OF INNATE IMMUNE RESPONSES BY

DAMAGE-ASSOCIATED MOLECULAR PATTERNS (DAMPS)

AND NEUTROPHIL-EXTRACELLULAR TRAPS (NETS)

Given the fact that the uninflamed pancreas is a sterile organ,
the initial cellular injury (as discussed above, most likely
triggered by pathological trypsinogen activation) occurs in an
aseptic environment (Figure 1). Studies of the inflammation
nevertheless strongly suggest that it is likely to result from the
release of damage-associated molecular patterns (DAMPs)
from dying pancreatic acinar cells that then induce
inflammation mediated by activation of PRRs (pattern
recognition receptors) of the innate immune system.35 Various
kinds of DAMPs, including high-mobility group box protein 1
(HMGB1), self-DNA, nucleosomes (DNA coiled around
histone octamers) and adenosine triphosphate have in fact
been identified as pancreatitis-associated ‘‘danger signals’’
(i.e., DAMPs) in human and experimental pancreatitis.36,37

Of these, HMGB1 is of particular interest since Yasuda et al.,
reported markedly elevated levels of this DAMP in both
animals and patients with acute pancreatitis38,39 and Sawa
et al.,40 reported attenuation of experimental pancreatitis is
achieved by administration of neutralizing antibodies to
HMGB1. It should be noted, however, that intracellular
HMGB1 inhibits inflammatory nucleosome release
(see discussion below) and may have an inhibitory effect on
pancreatitis as an intracellular protein.37

Hoque et al.have elucidated a possiblemolecularmechanism
mediated by DAMPs-PRR interaction in cerulein-induced
pancreatitis. These authors showed that during the early phase
of cerulein-induced pancreatitis, self-DNA released from the
dying acinar cells activates pancreatic macrophage TLR9, an
endosome-linked PRR responsive to bacterial CpG DNA and
self-DNA.35,41,42 In parallel with this event, released adenosine
triphosphate induces the activation of P2X7, a purinergic
receptor, which then acts in concert with TLR9 activation to
trigger the activation of the NLRP3 inflammasome and the
conversion of the pro-IL-1b to mature IL-1b.

Very recently, a DAMP-PRR interaction in pancreatitis
involving theAIM2 (absent inmelanoma 2) inflammasome has
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been reported. In this case, the stimulating DAMPs were
nucleosomes mentioned above as possible pro-inflammatory
DAMPs in pancreatitis. In the relevant studies, Kang et al.43

provided evidence that nucleosome stimulated the AIM2
inflammasome (and IL-1b production) but that such
stimulation required dsRNA-activated protein kinase
phosphorylation mediated by RAGE (receptor for advance
glycation end products). In addition, they found that both
AIM2- and RAGE-deficient mice exhibit reduced L-arginine-
induced pancreatitis as well as reduced IL-1b and HMGB1
expression, the latter an inflammasome product, under these
circumstances.

Another factor contributing to the initial inflammation of
pancreatitis relates to the observation discussed above that
stimulation of the innate immune system by DAMPs results in
inflammasome activation and the release of IL-1b, the latter a
potent neutrophil chemotactic factor via its upregulation of
leukocyte adhesion molecules.44 This observation introduced
the possibility that the early neutrophil infiltration character-
istic of pancreatitis is both a result and cause of initial pancreatic
inflammation.

Initial evidence for the latter possibility came from studies
showing that neutrophil infiltration of the pancreas following
pancreatitis induction is an early phenomenon and that such
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Figure 1 Initiating events in the induction of pancreatitis: acinar cell injury and release of DAMPs.This figure depicts the initiating events that result in
pancreatitis. A variety of factors, most notably CCKR hyper-stimulation caused in one experimental model by cerulein and perhaps in humans by
excessive ethanol ingestion leads via PKC signaling to dysregulation of intracellular acinar proteases and the generation of trypsin from trypsinogen. This
causes acinar cell injury and release of DAMPs such as host dsDNA andHMGB1 that then induce APCs in the vicinity of the acinar cells via various TLRs
and NLRP3 to produce a mixture of pro-inflammatory cytokines. An important consequence of such release is the induction of changes in intestinal
permeability and the translocation of gut commensal microflora into the circulation, where the latter stimulates acinar cells via TLR4 and NOD1. TLR4
signaling leads to the activation of the NLRP3 inflammasome and the production of caspase 1 and IL-1b. NOD1 signaling in cooperation with CCKR
signaling results in the activation of NF-kB, TNF-a, and type I IFN factors that sustain the inflammation as shown in Figure 2. Another early feature of
pancreatitis is the migration of neutrophils into the pancreas, where they enhance trypsinogen activation and cell damage either directly or indirectly via
the generation of NETs. APCs, antigen-presenting cells; CCKR, cholecystokinin receptor; DAMPs, damage-associated molecular patterns; dsDNA,
double-stranded host DNA; NETs, neutrophil extracellular traps; NF-kB, nuclear factor-kappa B; NLRP3, NOD-like receptor family pyrin domain
containing-3; NOD1, nucleotide-binding oligomerization domain 1; PKC, protein kinase C; TLRs, toll-like receptors.
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infiltration results in trypsinogen activation.45,46 Insight into
the mechanism of such neutrophil-mediated trypsinogen
activation came from subsequent studies showing that
taurocholate induction of acute pancreatitis in mice induces
formation of extracellular fibrillar and web-like structures,
which disappear with treatment with DNase.47 Such structures
were highly reminiscent of neutrophil-extracellular traps
(NETs), web-like structures composed of extracellular
DNA, chromatin, molecules derived from granules48,49 and
it was thus apparent that neutrophil-derived NETs might be
causing trypsinogen activation. Evidence for this possibility has
come from the observation that inhibition of NETs formation
by the administration of DNase protectsmice from pancreatitis
induced by taurocholate or L-arginine. Moreover, plasma levels
of DNA-histone complexes, i.e., NETs elements, are markedly
elevated in patients with acute pancreatitis. Finally, Merza et al.
have shown that NETs released from neutrophils are potent
in vitro activators of trypsinogen in acinar cells. Taken together,
these results suggest that initial pancreas injury caused by
trypsinogen activation induces the migration of neutrophils
into the pancreas and this in turn causes further trypsinogen
activation via generation of NETs.

The acinar cell death resulting from the release of DAMPs in
the early stages of pancreatitis discussed above is a prelude to
the translocation of commensal organisms into the circulation
and their subsequent stimulation of innate immune responses
in acinar cells that sustain the inflammation, as discussed
below. An interesting side-light to this phenomenon is the fact
that dendritic cells might serve as a break on this phenomenon
via their capacity to clear cellular necrotic debris. This is
suggested by the fact that depletion of DCs results in
intensification of experimental pancreatitis and decreased
acinar cell viability.50

INVOLVEMENT OF MICROBE-ASSOCIATED MOLECULAR

PATTERNS (MAMPS) AND PATHOGEN RECOGNITION

RECEPTORS (PRRS) IN PANCREATITIS

So far in our discussion of the pathogenesis of pancreatitis we
have been concerned mainly with early intra-acinar cell events
that are involved in the initiation of inflammation (although
these events may be persistent and contribute to ongoing
inflammation as well) (Figure 1). However, pancreatitis is
unique in that the inflammation leads rapidly to changes in the
permeability of the bowel wall that allow translocation of intra-
luminal bacteria into the circulation and therefore the exposure
of acinar cells to pro-inflammatory effects of organisms in the
gutmicrobiome.51 Aswe shall see, thismay be themajor driving
force of pancreatic inflammation after its initiation.

The first hint that this is in fact the case came from clinical
studies which showed that severe pancreatitis can lead to local
and extra-pancreatic complications such as pancreatic necrosis
or systemic inflammatory response syndrome or multiple
organ dysfunction syndrome,1,5,51,52 which were shown to be
manifestations of pancreatitis largely due to invasion of
pancreatic tissue by gut organisms and subsequent dissemina-
tion of the latter to distant organs and/or endotoxemia.51

Studies of the types of organisms involved were sporadic and
incomplete until Li et al.53 conducted a comprehensive study of
bacterial invasion in pancreatitis using 16S rRNA-based
technology. They found that polymicrobial bacterial DNA
can be detected in the circulation of almost 70% of patients with
pancreatitis and this percentage increased with increased
disease severity. Most of the organisms were similar to those
found in the gastrointestinal tract and therefore had probably
originated in the bowel lumen; in addition, while in most cases
these bacteria consisted of commensal organisms, at least in
some instances, organisms considered to be pathogens were
also found. It is presumably the latter that account for the more
severe complications of bacterial invasion in pancreatitis such
as pancreatic necrosis. Although these studies highlight the
prevalence of bacterial translocation from the bowel during
pancreatitis, they provide no insight into the mechanism of the
altered bowel permeability allowing such translocation. Indeed,
the mechanism involved is poorly understood although it may
involve the release of unique pancreatitis-specific cytokines that
affect gut permeability that are not generated in other forms of
gut inflammation.

The high rate at which bacteria are found in the circulation of
patients with pancreatitis suggest that these bacteria could have
a role in disease pathogenesis that transcends their capacity to
cause local and systemic infections in a minority of patients.
This concept is supported by findings in several animal studies.
First, enteric bacteria have been detected in the mesenteric
lymph nodes and the translocation of fluorescent beads having
the size of bacteria into the pancreas via the peritoneum has
been seen upon induction of experimental pancreatitis.54–56

Second, experimental pancreatitis is in fact accompanied by
increased intestinal permeability.57 Third and finally, bowel
sterilization via antibiotic treatment reduces pancreatic
inflammation, infection, and mortality in various experimental
pancreatitis models.58–61

More definitive support for the role of translocated bowel
organisms in the pathogenesis of pancreatitis comes from
recent studies showing that such translocation is necessary for
the development of cerulein-induced pancreatitis. Thus, as
shown by Tsuji et al.,58 antibiotic-induced bowel sterilization
rendered mice virtually completely resistant to cerulein-
induced pancreatitis but such resistance was negated when
the bowel sterilization was accompanied by oral administration
of a commensal Escherichia coli expressing LacZ (ECLACZ)
that was resistant to the antibiotics in the bowel sterilization
regimen. Thus, colonizaton of the gut with a commensal
organism was both necessary and sufficient for the induction of
cerulein pancreatitis.

These studies of the role of the gut microflora in pancreatitis
intermesh with studies examining the role of bacteria-
associated MAMPs and their capacity to stimulate PRRs such
as TLRs and nucleotide-binding domain and leucine-rich
repeat-containing receptors (NLRs) in the induction of
experimental pancreatic inflammation.42,62,63 Studies of the
role of TLR4, the prototypical PRR that responds to LPS derived
from Gram-negative bacteria, was the first PRR to be studied.42
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It was found that mice deficient in TLR4 are partially protected
from acute cerulein-induced pancreatitis64 and severe lung
injury associated with pancreatitis is induced by combined
treatment of cerulein and LPS as compared with cerulein
alone.65 As alluded to above, the possible role of TLR4 in
causation of pancreatitis has been highlighted in studies of
ethanol-induced pancreas injury.16 The theory is that an
ethanol-induced leaky gut syndrome leads to bacterial
translocation into the circulation, followed by sensing of
LPS by TLR4 expressed in pancreatic acinar cells and activation
of the NLRP3 inflammasome. The resulting production of
mature IL-1b then aggravates gut permeability changes and
contributes to other aspects of pancreatitic inflammation.
Interestingly, a polymorphism in the TLR4 gene has been
identified as a susceptible factor for acute pancreatitis.66 This
raises the question of whether abnormalities of TLR4 structure
or level of expression can enhance TLR4-mediated pro-
inflammatory responses leading to pancreatitis in certain
individuals.

More impressive studies of the role of a PRR in pancreatitis
are those evaluating the role of NOD1 in pancreatitis
pathogenesis.58,67 NOD1 was originally characterized as a
cytosolic PRR that detects small peptide components derived
from bacterial peptidoglycan associated with gut pathogens.63

As such, NOD1 was shown to have a protective role in mucosal
host defense against various kinds of pathogenic organisms
such as Shigella flexneri, pathogenic E. coli, and Helicobacter
pylori.68–71 In later studies, however, it was established that
NOD1 is also capable of reacting to peptidoglycan components
derived from commensal organisms. This was shown first by
the fact that sensing of commensal organisms by NOD1 is
required for lymphoid tissue organogenesis.72 More impor-
tantly to the present discussion, it wasmore recently shown that
NOD1 expression on acinar cells and subsequent interactions
between NOD1 at this site with commensal organisms is
essential to the development of cerulein-induced pancreatitis in
that NOD1-deficient mice are almost completely resistant to
the induction of this pancreatitis.58

The role of bacterial translocation in experimental pan-
creatitis was further explored in a model of cerulein-induced
pancreatitis in which pancreatitis was induced by adminis-
tration of a low dose of cerulein (that does not itself induce
pancreatitis yet is still capable of acinar cell signaling) and
FK156, a ligand and activator of NOD1 that also does not itself
induce pancreatitis.58,67 This form of cerulein-induced pan-
creatitis, termed low-dose cerulein pancreatitis was developed
to clearly differentiate the respective roles of NOD1 signaling
and CCKR signaling in the pathogenesis of the pancreatitis, as
will be discussed in more detail below. Using this model, it
could be shown that although IP injection of ECLACZ or low-
dose cerulein alone (to mice sterilized by antibiotic treatment)
does not cause pancreatitis, administration of both of these
factors does cause pancreatitis and that the latter is at least
partially dependent on the presence of NOD1. Thus, in this
low-dose cerulein model, the NOD1 activation by FK156 is
taking the place of translocated bacteria expressing a NOD1

ligand. Finally, in studies addressing bacterial translocation in
low-dose cerulein pancreatitis, it could be shown that the level
of bacteremia was relatively low in mice treated with low-dose
cerulein alone and relatively high inmice treatedwith both low-
dose cerulein and FK156; thus a high level of bacteremia (due to
bacterial translocation) requires the initiation of pancreatitis. In
further studies addressing the same question, mice with bowel
sterilization administered increasing oral doses of ECLACZ
and then subjected to low-dose cerulein and FK156 admin-
istration exhibited a level of pancreatitis proportional to the
ECLACZ dose. This suggested that whereas initiation of low-
dose cerulein pancreatitis requires both low-dose cerulein and
NOD1 ligand, the pancreatitis is ultimately sustained by the
bacterial translocation and de novoNOD1 activation caused by
the initiated pancreatitis.

Taken together, these results definitively establish that while
pancreatic inflammation may be initially triggered by intra-
acinar events such as trypsinogen activation, it ultimately
depends on subsequent immune responses induced by the
activation of components of the innate immune system, notably
NOD1.

ACTIVATION OF NF-KB IN PANCREATITIS

In the knowledge that innate immune responses at least in part
involving NOD1 activation are necessary for induction of
cerulein-induced pancreatitis as discussed above and that such
activationmay lead toNF-kB activation, onemight assume that
NF-kB activation is a central feature of pancreatic inflamma-
tion as it is in the case of other major inflammatory diseases.
A host of evidence fully supports this conjecture (Figure 2).
First, it has been shown that administration of cerulein at doses
causing pancreatitis leads to activation of pancreaticNF-kBand
that such activation is accompanied by nuclear translocation of
p65, p50, and p52 in both gel-shift assays and in immuno-
blotting studies.73–76 Second, this activation occurs pari passu
with the transcription and release of NF-kB pro-inflammatory
target genes such as TNF-a andmonocyte chemotactic protein-
1 (MCP-1), indicating that NF-kB activation is leading to
the synthesis of a host of pro-inflammatory factors that have
the potential to drive various aspects of the pancreatic
inflammation.58,77,78 Third, the latter possibility has in fact
been established by studies showing that mice deficient in
NF-kB/p105, a precursor of p50, are resistant to cerulein-
induced pancreatitis as are mice administered low molecular
weight-specific inhibitors of NF-kB activation.79–81 Finally, the
development of pancreatitis can be induced in animals treated
with intra-pancreatic ductal retrograde infusion of adeno-
virus-mediated gene delivery of the NF-kB subunit p65.82

The relation of NF-kB activation in pancreatitis to aberrant
trypsinogen activation has come from studies of an elegant
murine model of pancreatitis established by Baumann et al.83

These authors created transgenic mice that regulate the
activation of NF-kB by expression of either a dominant
negative (DN) or a constitutive active (CA) form of IKKb under
the control of a tetracycline-responsive elastase promoter.
Thus, in thismodel one of these forms of IKKb is overexpressed
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exclusively in acinar cells when the mouse is administered
tetracycline and this, in turn, leads to either suppressed or
activated NF-kB signaling depending on whether DN-IKKb
and CA-IKKb is being overexpressed, respectively.83 Using
these transgenic mice, Baumann et al. showed first that
expression of CA-IKKb in acinar cells leads to spontaneous
development of severe pancreatitis, as was the case in the
aforementioned studies of intra-ductal adenovirus adminis-
tration of p65, whereas in contrast, the expression of DN-IKKb
in acinar cells suppresses cerulein-induced pancreatitis.
Furthermore, they showed that overexpression of either

DN-IKKb or CA-IKKb had no significant effect on ceru-
lein-induced acinar cell trypsinogen activation. Taken together,
these studies indicate that NF-kB activation in acinar cells is
indispensable for the development of pancreatitis and that
CCKR-mediated trypsinogen activation cannot induce pan-
creatitis in the absence of such activation.

The above studies showing the importance of NF-kB
activation in the pathogenesis of pancreatitis do not address
the question of whether trypsinogen activation and NF-kB
activation are interrelated or independent events. Several
reports show that one of the signaling outcomes of CCKR over-
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Figure 2 Innate immunological response that sustain pancreatitis and underlie the fibrosis of chronic pancreatitis.This figure depicts the complex series
of immunological events that sustain pancreatitis after initial acinar damage and translocation of commensal organisms from the gut into the circulation
has occurred, as shown in Figure 1. In this figure, five diagrammatic acinar cells are shown, each roughly representing different stages of pancreatitis
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acinar cells illustrates the fact that signaling via CCKR and NOD1 act in concert to induce activation of NF-kB and IRF and type I IFN expression; these
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stimulation is the activation of NF-kB via a PKC pathway84 or a
phosphatidylinositol 3-kinase (PI3K) pathway85 and that
pharmacological inhibitors of PKC or PI3K block CCKR
induction of NF-kB in pancreatic acinar cells. In addition,
blockade of intracellular Caþ þ influx by a chelator also
inhibits NF-kB induction owing to the fact that PKC-mediated
NF-kB activation in this model requires such influx.18,73,74,84,86

These findings, however, do not necessarily imply that the other
major outcome of CCKR stimulation, trypsinogen activation
and trypsin expression, results inNF-kB activation. That it does
notwas nicely shown by the fact that acinar cell expression of an
intracellular mutant trypsinogen subject to conversion to
intracellular trypsin by an endogenous protease did not induce
NF-kB activation.87,88 Thus, the conclusion that can be drawn
from these various studies is that whereas CCKR over-
stimulation does indeed induce both NF-kB activation and
trypsinogen activation, these two events are independent.73 An
additional aspect relating to the outcome of CCKR signaling is
that the induction of NF-kB activation is accompanied by the
induction of TNF-a production. As discussed below, this
important attribute of CCKR signaling plays into the
mechanism of acinar cell damage mediated by infiltrating
macrophages.

If indeed CCKR over-stimulation leads to NF-kB activation
and the latter is sufficient for the development of pancreatitis as
implied by the Bauman et al., studies discussed above, why is it
that high-dose administration of cerulein is not in itself capable
of inducing acute pancreatitis in mice subjected to bowel
sterilization and are not able to develop either acute or chronic
pancreatitis in the absence of NOD1? A possible answer to this
important question came from signaling studies obtained from
mice subjected to the low-dose cerulein-induced pancreatitis
developed by Tsuji et al. alluded to above in which the
pancreatitis had been induced by administration of a low dose
of cerulein together with a NOD1 ligand, neither of which is
able to induce pancreatitis when administered alone.58,67 The
acinar cells from the pancreatitis in these mice were attractive
targets of signaling studies because they suggested that whereas
neither low-dose cerulein nor NOD1 ligand can induce a
sufficient amount of NF-kB to support pancreatitis when
administered alone these stimuli can do so when administered
together.

In the relevant studies, it was found that administration of a
low dose of cerulein alone resulted in acinar cell PKC activation
followed by the interaction between PKC and TGF-b-activated
kinase (TAK1).58 However, such TAK1 activation was not
sufficient for induction of NF-kB. On a separate track,
administration of NOD1 ligand alone activated acinar cell
receptor-interacting serine-threonine kinase (RICK), its
immediate downstream signaling partner, but such RICK
activationwas again not itself sufficient for the activation ofNF-
kB. In contrast, simultaneous activation of CCKR and NOD1
by a low dose of cerulein and NOD1 ligand led to interaction
between RICK and TAK1 as well as substantial activation of
NF-kB.58 These findings thus implied that cerulein signaling
via CCKR andNOD1 activation acts in a cooperative fashion to

induce NF-kB during the induction of pancreatitis. With
respect to the fact that high-dose cerulein administration
cannot induce pancreatitis in the absence of NOD1 signaling,
the above results are most consistent with the view that despite
in vitro studies showing that CCKR over-stimulation can give
rise of NF-kB activation, such stimulation is, in reality, an
inadequate inducer of pancreatitis in the absence of NOD1
stimulation. On the other hand, it can give rise to a sufficient
initial acinar cell DAMPs response and induction of cytokines
that cause changes in bowel permeability and entry of NOD1-
stimulatingmicroflora. Finally, it is important to point out that,
as discussed below, NOD1 signaling is essential to the
development of pancreatitis by mechanisms that involve
NF-kB and signal tranducer and activator of transcription 3
(STAT3) signaling; it is therefore reasonable to postulate that
even if CCKR over-stimulation is sufficient to cause NF-kB
activation by itself, such activation alone is not sufficient for the
development of pancreatitis.

NF-KB/STAT3-MEDIATED MCP-1 INDUCTION AND

MACROPHAGE INVASION IN PANCREATITIS

Activation of NF-kB in cerulein-induced pancreatitis by the
mechanisms discussed above is an essential component of the
mechanisms of inflammation driving this disease (Figure 2).
One of the most important of these mechanisms (to which we
will now turn our attention) is that underlying the induction of
CCL2 (MCP-1), a chemokine necessary for the influx of
inflammatory macrophages into the pancreas.

In studies of low-dose cerulein pancreatitis addressing this
issue, it was found that NOD1 stimulation by its ligand FK156,
in combination with low-dose cerulein administration induces
MCP-1 as well as IL-6 production and, as before, such NOD1
stimulation mimics the effect of IP administration of
commensal bacteria (e.g., ECLACZ).58 In addition, NOD1/
low-dose cerulein administration causes the pancreatic infil-
tration of large numbers of CD11bþ myeloid cells bearing
C–C chemokine receptor type 2 (CCR2). This was in accord
with previous studies that have shown that MCP-1 has a role in
the macrophage-dependent inflammatory response character-
izing pancreatitis.89 In further studies of the low-dose cerulein
pancreatitis model it was shown that CCR2-deficient mice
exhibit decreased evidence of pancreatitis along with decreased
infiltration of CD11bþ macrophages.58 In addition, studies of
bone marrow chimeras allowed one to establish that NOD1-
bearing non-hematopoietic cells (i.e., acinar cells) were
necessary for the development of pancreatitis as well as the
induction of MCP-1 in this model. Finally, studies of isolated
pancreatic acinar cells from untreatedmice showed that NOD1
stimulation was sufficient to induce substantial amounts of
MCP-1 secretion but that the latter was augmented by low-dose
cerulein stimulation. Together, these studies established that
MCP-1 production is an essential initial step in the induction of
cerulein-induced pancreatitis and that such production is
dependent on NOD1/cerulein stimulation of acinar cells.

The above findings set the stage for studies defining the
signaling pathways underlying MCP-1 induction. In initial
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studies along these lines the findings of Deshmane et al.90

showing that STAT3 andNF-kB activation underlies induction
ofMCP-1 were verified with studies showing that expression of
phospho-STAT3 (pSTAT3) and phospho-IkBa (pIkBa) was
present in the pancreas of NOD1-intact mice treated with
NOD1 ligand/low-dose cerulein but was not seen in the
pancreas of NOD1-deficient mice. In addition, these findings
were confirmed by studies of bone marrow chimeras either
expressing NOD1 or not expressing NOD1 in acinar cells.58

Finally, the role of STAT3 and NF-kB inMCP-1 induction was
explored with specific inhibitors of these factors. It was found
that administration of JSI-124, a specific inhibitor of STAT3 in
combination with IMD-0354, a NF-kB inhibitor led to
complete prevention of low-dose cerulein pancreatitis and
MCP-1 production. It was thus evident thatMCP-1 production
was dependent on signaling mediated by both STAT3 and
NF-kB.

In further exploration of MCP-1 induction in low-dose
cerulein-induced pancreatitis the mechanism of STAT3
activation in this model was examined. As mentioned above,
one outcome of NOD1/low-dose cerulein administration to
mice was pancreatic production of IL-6, a cytokine known to
induce STAT3 activation and, therefore, potentially involved in
MCP-1 production. That this was in fact the case was
established with studies showing that MCP-1 production by
NOD1/low-dose cerulein stimulated acinar cells was partially
blocked by the neutralization of the IL-6 signaling pathway.58

A second potential mechanism of STAT3 activation in this
model was suggested by the fact that NOD1 was known to have
the unique ability to induce type I IFN, a factor that causes
STAT3 (as well as STAT1) activation.58 Such induction of type I
IFN byNOD1 had been shown to be due to its ability to activate
a multistep signaling pathway involving first the activation of
interferon regulatory factor 7 (IRF7) and second the priming of
the IFN-stimulated gene factor 3 pathway (ISGF3) by IRF7-
induced type I IFN via the IFNabR (IFNAR).71 Indeed, it could
be shown that pancreatitis in the NOD1/low-dose cerulein
model was attenuated in mice lacking IFNAR and this was
associated with both reduced STAT3 andMCP-1 expression. It
should be noted that low-dose cerulein also induces STAT3 via
CCKR-activation of janus activating kinase 2,91 so that both
NOD1 and cerulein signaling again act cooperatively to induce
STAT3 activation, albeit by a different mechanism than that
governing NF-kB induction.

Taken together, these various studies established that STAT3
activation in low-dose cerulein pancreatitis (and by extension
in pancreatitis in general) is a complex process involving both
IL-6 induction mainly due to NF-kB activation and type I IFN
production mainly due to NOD1 activation. Although the
essential outline of the signaling pathways have been defined in
the acute model of low-dose cerulein pancreatitis, similar
pathways probably apply to the chronic model of cerulein
pancreatitis wherein low-dose cerulein and NOD1 ligand is
administered for a more prolonged period.67 This is evident
from the fact that mice deficient in IFNAR are resistant to the
development of chronic pancreatitis. Finally, it is important to

point out that whereas STAT3 activation has a central role in
pancreatitis development in relation to induction of MCP-1
and inflammatory macrophage infiltration it also has a role in
the inflammation via its involvement of cytokines that
contribute to the inflammation such as type I IFN and IL-6.67

As discussed above, there is compelling evidence that
activation of NF-kB and STAT3 in acinar cells is a central
event for the development of experimental (murine) pancrea-
titis. However, our knowledge regarding the activation status of
these transcription factors in human pancreatitis is very limited
and somewhat paradoxical. Analysis of the status of NF-kB and
STAT3 in the peripheral blood cells but not the pancreatic
tissue of pancreatitis patients, provided unexpected evidence
that activation of NF-kB, STAT1, and STAT3 is reduced in
acute pancreatitis patients as comparedwith those fromhealthy
controls.92–94 The molecular mechanisms accounting for such
reduced activation are not fully understood, but could involve
tolerogenic responses to MAMPs expressed by translocated
intestinal organisms. Thus, tolerance to MAMPs may be one
possible mechanism accounting for reduced innate immune
responses to the same or other MAMPs in pancreatitis.95

THE ROLE OF TYPE I IFN IN PANCREATITIS

Mice deficient in IFNARand thus unable to signal via type I IFN
are resistant to both the development of acute low-dose
cerulein-induced pancreatitis (as already mentioned) as well as
chronic low-dose cerulein-induced pancreatitis58,67 (Figure 2).
Although this is partly explained by its role in the induction of
STAT3 andMCP-1 in acinar cells, it also is due to various effects
of this cytokine on macrophage effector function. The role of
type I IFN in macrophage effector function is immediately
evident from studies showing recruitment and maturation of
the Ly6hi monocytes is uniquely dependent on type I IFN
induction of CCR2 expression, which, as noted above, is the
receptor for MCP-1.96 Thus, type I IFN is responsible for both
the receptor and ligand aspects of the chemotaxis mediating
macrophage infiltration of the pancreas.

Yet another role of type I IFN in relation to macrophage
effector function in pancreatitis relates to evidence that it
induces macrophage TNF-a production. As noted in the
discussion above,myeloid cells in cerulein-induced pancreatitis
cause necroptotic acinar cell death via production of TNF-a.
Evidence that type I IFN is involved in such production came
from studies of pancreatic cells extracted from mice with
chronic cerulein-induced pancreatitis wherein it was observed
that pancreatic acinar cells co-cultured with pancreatic
CD11bþ macrophages release greatly increased amounts of
IL-33, a cytokine associated with acinar cell death (see
discussion below) and that such IL-33 release is inhibited
by anti-IFNAR Ab (presumably blocking type I IFN stimula-
tion of the macrophages) or anti-TNF-a Ab (presumably
blocking TNF-a stimulation of acinar cells).67 The capacity of
type I IFN to induce macrophage TNF-a production is
supported by a prior study by Mancuso et al.97 showing that
such production induced by live bacteria is mediated by type I
IFN signaling.
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PRO-INFLAMMATORY CYTOKINE ACTIVITY IN

PANCREATITIS ARISING FROM INNATE IMMUNE

RESPONSES

The basic picture of pancreatitis pathogenesis suggested above
is that acinar cell damage initiated by various causes of
dysregulated trypsinogen activation leads to the release of
DAMPs that then react with PRRs on antigen-presenting cells
(APCs) to cause the generation of cytokines that induce a
change in bowel wall permeability (Figure 2). This, in turn,
leads to the entry of commensal organism into the circulation
and the activation of NOD1 (and possibly TLR4 as well) that, in
concert with CCKR signaling causes activation of NF-kB, a
type I IFN response and ongoing pro-inflammatory cytokine
elaboration by PRR-expressing (but as yet poorly defined)
APCs responsive to DAMPs and MAMPs.35,42,63 Consistent
with this scenario, patients with acute pancreatitis exhibit
elevated serum levels of various pro-inflammatory cytokines
such as IL-6, IL-1b, and TNF-a,98–100 and elevated serum levels
of various chemokines such as IL-8, MCP-1, and macrophage
migration inhibitory factor, which presumably arise from
activated cells in the pancreas.100–102

These ‘‘generic’’ pro-inflammatory factors drive (or aggra-
vate) the pancreatic inflammation in various specific and/or
nonspecific ways. For instance, IL-6, one of the prototypical
inflammatory cytokines, may enhance inflammation by its role
in the generation of pathological T helper type 17 (Th17) cells
or, as discussed above, its contribution to the induction of
MCP-1 and the entry of inflammatory macrophages into the
pancreas. In any case, it has been shown that administration of
anti-IL-6 Ab to mice with pancreatitis induced by cerulein and
LPS leads to marked attenuation of the pancreatitis as well as
accompanying pulmonary inflammation.103 It should be noted,
however, that IL-6 can have anti-inflammatory effects as well.
This is shown by the fact that mice genetically deficient in IL-6
exhibit more severe cerulein-induced pancreatitis as compared
with IL-6-intact mice.104 This contrary finding may be due to
the fact that a genetic deletion of IL-6 leads to profound
disruption of pro-inflammatory machinery necessary for
pancreas homeostasis, than does-acute administration of
anti-IL-6 Ab.

IL-1b is a second prototypic pro-inflammatory cytokine
associated with the pathogenesis of human acute pancreatitis.98

This cytokine could be mediating pancreatic inflammation in
multiple ways including its ability to induce neutrophil
infiltration into sites of inflammation and its more general
effect on the induction of other pro-inflammatory cytokines
and chemokines.36 Interestingly, there is evidence that a
precursor form of this cytokine is induced byDAMPs acting via
TLR9, suggesting that IL-1bmay have a role in the induction of
enhanced gut permeability to commensal organisms.41 The
precursor form of IL-1b is converted into an active form via the
NLRP3 inflammasome and thus mice deficient in NLRP3
inflammasome component are resistant to the induction of
cerulein-induced pancreatitis.41,62 Moreover, attenuation of
experimental pancreatitis in the absence of TLR9 is accom-
panied by the presence of pancreatic APCs with impaired

production of IL-1b as well as pro-IL-1b, suggesting that IL-1b
has an autocrine effect on its own synthesis.41

TNF-a is a third prototypic pro-inflammatory cytokine
involved in pancreatitis pathogenesis and one that appears to
have a central role in experimental pancreatitis. As discussed
above, this cytokine is induced in pancreatic APCs and is
therefore a prime suspect for causing the initial injury to acinar
cells occurring in response to excessive CCKR stimulation. This
possibility has recently been supported by Sendler et al.105

who showed that stimulation of pancreatic acinar cells by
TNF-a causes direct activation of pancreatic enzymes and thus
leads to premature protease activation and cell necrosis. Type I
IFN may also have an important pathological role by its
ability to induce CCR2, the chemokine receptor attracting
pro-inflammatory macrophages expressing TNF-a into the
pancreas, as already discussed above. These macrophages
are cellular source of TNF-a in the inflamed pancreas of
cerulein-induced pancreatitis106,107 and, as also discussed
above, may be the important driver of sustained acinar cell
necroptosis. These various ways in which TNF-a acts to
facilitate pancreatic inflammation provide ample explanation
for the fact that the administration of infliximab (monoclonal
TNF-a antibody) ameliorates cerulein-induced pancreatic
inflammation.106 Thus, it is clear that TNF-a has a critical
role in the development of experimental pancreatitis. However,
confirmation that this cytokine has an equally important role in
human pancreatitis awaits the studies of human cells obtained
from the inflamed pancreas as well as studies addressing the
therapeutic effect of infliximab (anti-TNF-a Ab) administra-
tion to patients.

Recently it has become evident that yet another pro-
inflammatory cytokine, IL-33, is an essential element in the
pathogenesis of pancreatitis. IL-33 is an ‘‘alarmin’’ cytokine
released from dying cells.108 Therefore, it is not surprising that
serum levels of IL-33 are elevated in patients with severe acute
pancreatitis, a condition associated with massive pancreatic
acinar cell death.109 The role of IL-33 in pancreatitis was
extensively analyzed in studies of the chronic model of
pancreatitis described by Watanabe et al.,67 in which, as
discussed above, chronic pancreatitis is induced by repeated
administration of NOD1 ligand and a low dose of cerulein. This
model was of particular relevance for the study of IL-33 because
it is marked by the development of fibrosis, a feature of chronic
pancreatitis that is driven by IL-33.

The important finding that emerged from these studies was
that blocking of IL-33 activity by administration of antibody
neutralizing the IL-33 receptor (ST2) to mice subjected to the
chronic pancreatitis regimen led to reduction in pancreatic
infiltration of immune cells and fibrosis accompanied by
decreased pancreatic expression of both pro-inflammatory
mediators such as IL-6, TNF-a, andMCP-1 and pro-fibrogenic
mediators such as IL-13 and TGF-b1.67 It was thus apparent
that IL-33 production has a major role in the pathogenesis of
chronic pancreatitis.

In further studies of IL-33 using this model, the source of the
IL-33 was probed with bone marrow transplantation studies,
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wherein it was found that induction of chronic pancreatitis was
accompanied by IL-33 expression in irradiated NOD1-intact
mice transplanted with NOD1-deficient BM cells, but not in
irradiated NOD1-deficient mice transplanted with NOD1-
intact BM cells; thus, these studies suggested that NOD1
stimulation of non-hematopoietic cells, most likely pancreatic
acinar cells were the probable source of the IL-33.67 In related
studies it was found that such acinar cell IL-33 production
required the presence of intact type I IFN signaling since mice
deficient in IFNAR exhibited a marked decrease in such
production as well as resistance to the development of chronic
pancreatitis.67 This correlates with the fact that, as described
above, type I IFN induces TNF-a production by infiltrating
macrophages and, in addition co-culture of acinar cells with
TNF-a-producing CD11bþ APCs obtained from inflamed
pancreatic tissue is associated with enhanced IL-33 production.
Overall, these findings are compatible with the view that
pathological macrophages producing TNF-a under the influ-
ence of type I IFN induce acinar cell death and release of IL-33.
Then, as suggested by studies conducted by Kempuraj et al.,110

such IL-33 release induces production of pro-inflammatory
cytokines by intact acinar cells.

Also relevant to the role of IL-33 in pancreatitis is the recent
finding by Xue et al.111 that alternatively activated M2
macrophages are numerous in chronic pancreatitis in humans
andmice with chronic cerulein-induced pancreatitis. SuchM2-
macrophages bear surface IL-4Ra and are induced by IL-4 and
IL-13; they are thus likely to be regulated by IL-33 since the
latter induces T cells producing IL-13 via the ST2 receptor (see
discussion below). These M2-macrophages also produce IL-10
and TGF-b, the latter a cytokine that may act (in concert with
other cytokines) on pancreatic stellate cells that contribute to
pancreatic fibrosis via production of extracellular matrix
proteins.111,112 The importance of these cells in chronic
pancreatitis was shown by the fact that pharmacological
inhibition of IL-4 and IL-13 by a blocking peptide led to
reduced fibrosis in the cerulein-induced chronic pancreatitis
model.

Finally, it should be noted that the above rather definitive
studies showing that IL-33 is a major mediator of pancreatitis
are opposed by data from several studies showing that under
some condition the IL-33-ST2 signaling pathway has a
protective role in that mice lacking expression of the ST2
receptor develop enhance pancreatitis.113,114 Thus, additional
study of IL-33 effects in pancreatitis is warranted.

PRO-INFLAMMATORY CYTOKINE ACTIVITY IN

PANCREATITIS ARISING FROM ADAPTIVE IMMUNE

RESPONSES

Adaptive immune responses comprised mainly of T-cell
responses to specific antigens also contribute to the pathogen-
esis of pancreatitis (Figure 2). As in the case of human colitis or
murine experimental colitis models these can consist of either
excessive effector Th cell function or deficient regulatory T-cell
(Treg) function.115,116

Several studies of pancreatitis in humans suggest the
involvement of Th1 responses in that peripheral blood cells
obtained from patients with acute and chronic pancreatitis
produce large amounts of prototypical Th1 cytokines, IFN-g
and IL-12, and serum levels of IFN-g in such patients are
significantly higher than those in healthy controls.117–119 This
evidence that pancreatitis is associated with a Th1 response is
verified by the presence of T cells producing IFN-g in necrotic
pancreatic tissue from patients with acute pancreatitis. In
contrast to the above human studies, IFN-g has a protective
rather than a pathogenic role in cerulein-induced acute
pancreatitis since in this case IFN-g-deficient mice exhibit
increased cerulein-induced pancreatic injury and NF-kB
activation is suppressed by IFN-g.120 Given the fact that a
pathological Th17 response is suppressed by IFN-g through
downregulation of IL-23 receptor,121,122 this protective role of
the Th1 response in experimental pancreatitis might be due to
the suppression of a pathogenic Th17 response. Compatible
to this idea, recent reports support the possible involvement of
IL-17 in human acute pancreatitis.123,124 In any case, the reason
that human and mouse studies regarding Th1 responses are
discrepant is unknown.

Studies of experimental models of chronic pancreatitis
suggest that Th2 responses also contribute to the pathogenesis
of pancreatitis. The most compelling data in this regard comes
from the aforementioned study of chronic pancreatitis induced
by repeated administration of NOD1 ligand and low-dose
cerulein conducted by Watanabe et al.67 These authors
provided evidence that IL-33 produced by acinar cells acting
via the ST2 receptor induces the production of IL-13 and the
latter then induces fibrosis via induction of fibrogenic factors
such as TGF-b1. This is supported by the fact that neutraliza-
tion of IL-13 by the administration of anti-IL-13 Ab prevented
the development of fibrosis but not inflammation in the chronic
pancreatitis model, whereas inhibition of IL-33 by adminis-
tration of anti-ST2 Ab (as noted above) prevented both fibrosis
and inflammation. The source of the IL-13wasmainly Th2 cells
since pancreatic CD4þ T cells isolated frommice with chronic
pancreatitis produce large amounts of IL-13. However, it is
possible that type 2 innate lymphoid cells (ILC2) stimulated by
IL-33 also contribute to the IL-13 production, but this seems
unlikely in view of the fact that Rag1-deficient mice do not
develop IL-13-medaited fibrosis in the chronic pancreatitis
model.67 Xue et al.111 have suggested that pancreatic stellate
cells are a source of IL-13, but this is again unlikely, since
staining studies indicate that cells with stellate cell markers are
not congruent with cells producing IL-13.67 As noted above,
IL-13 induction of M2-macrophages may be an important
mechanism of IL-13 induction of fibrosis inasmuch as these
cells produce TGF-b1 and other factors that have direct effects
on fibrosis induction and indirect effects via stimulation of
pancreatic stellate cells. The latter is supported by the fact that
neutralization of IL-13 in the chronic pancreatitis model
reduces the number of stellate cells.67,111

Recent studies by Ochi et al.125 have delineated TLR4
signaling pathways that favor APC induction of chronic

REVIEW

294 VOLUME 10 NUMBER 2 |MARCH 2017 |www.nature.com/mi

－375－



pancreatitis and/or pancreatitis-associated pancreatic cancer.
They have provided evidence that dendritic cells responding to
pancreatic antigens support Th2 responses in the absence of
themyeloid differentiation primary response gene 88 (MyD88)
signaling and that these cells support both pancreatitis and
pancreatitis-associated cancer development via TIR-domain-
containing adapter-inducing interferon-b (TRIF) signaling. It
remains to be seen how activation of these alternative signaling
pathways relate to various type of cytokine secretion such as
IL-33 secretion.

The clinical course of chronic pancreatitis in humans is
composed of acute exacerbation phases and stable quiescent
phases.2 It is likely that the latter (stable) phases are due to
immunosuppressive responses mediated by Tregs with the
capacity to suppress pathogenic adaptive immune responses.
Indeed it has been shown that Tregs are present in human
chronic pancreatic lesions and mediate suppressor effects via
their production of IL-10.126 These findings in humans are
supported by studies of murine models of pancreatitis in that
the severity of cerulein-induced acute pancreatitis and the
production of TNF-a was shown to be increased following
neutralization of endogenous IL-10.127 In addition, Demols
et al.128 report that IL-10 deficiency promotes pancreas fibrosis
induced by chronic cerulein challenge and that this fibrogenic
response is accompanied by elevated expression of intra-
pancreatic TGF-b1. It should be noted, however, that in these
mouse studies the cellular source of the IL-10 was not identified
and is not yet clear that IL-10 production by regulatory T cells is
the only mechanism mediating the quiescent state in chronic
pancreatitis.

CONCLUSION

In this review, we have summarized the complex chain of events
that are responsible for the development of acute and chronic
pancreatitis. It is now evident that whereas dysregulation of
intra-acinar regulation of proteolytic enzymes are the initial
spark that ignites the pancreatic inflammatory process,
activation of innate immune responses stimulated by translo-
cated commensal organisms is an indispensible element in
sustaining and widening the inflammation. Of considerable
interest, an unexpected and essential component of that innate
response is the stimulation of NOD1 responses in acinar cells
and through such stimulation the enhancement of essential
pro-inflammatory signaling leading to the activation of NF-kB
or the de novo production of type I IFN. Finally, a somewhat
unique feature of pancreatic inflammation, especially chronic
inflammation is the release of IL-33 from damaged acinar cells
and thereby the initiation of a pro-fibrotic program mediated
by T-cell production of IL-13 and other downstream fibrogenic
mediators. It is hoped that this new understanding of
pancreatitis will lead to innovative new approaches to its
treatment.
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Original Article

Semiquantitative prediction of early response of conventional
transcatheter arterial chemoembolization for hepatocellular
carcinoma using postprocedural plain cone-beam computed
tomography

Yasunori Minami,1 Masahiro Takita,1 Masakatsu Tsurusaki,2 Yukinobu Yagyu,2

Kazuomi Ueshima,1 Takamichi Murakami2 and Masatoshi Kudo1

Departments of 1Gastroenterology and Hepatology, 2Radiology, Kinki University Faculty of Medicine, Osaka, Japan

Aim: To investigate whether plain cone-beam computed to-
mography (CT) immediately after conventional transcatheter ar-
terial chemoembolization (c-TACE) can help to predict tumor
response semiquantitatively in patients with hepatocellular car-
cinoma (HCC).

Methods: Analysis was carried out retrospectively on 262
targeted HCCs in 169 patients treated with c-TACE. Dynamic CT
was performed at baseline and 1–4 months after c-TACE.
Receiver–operating characteristic curve analysis was under-
taken to evaluate whether voxel values of cone-beam CT could
predict a complete response and to identify the cut-off value. Fi-
nal tumor response assessment and early prediction using the
retention pattern of iodized oil, the cut-off value of the density,
and the combination of the cut-off density value and retention
pattern of iodized oil in HCCs on postprocedural cone-beam CT
were compared.

Results: Complete response was obtained in 72.9% of lesions.
According to the pattern of iodized oil uptake, the sensitivity,

specificity, and accuracy for predicting complete response were
85.9%, 70.4%, and 81.7%, respectively by excellent uptake on
cone-beam CT. The area under the curve was 0.86 with the opti-
mal cut-off at a voxel value of 200.13. According to not only the
density but also the homogeneity of iodized oil retention, the
sensitivity, specificity, and accuracy values for predicting com-
plete response were 86.4%, 95.8%, and 88.9%, respectively. The
predictive accuracy was significantly better than that of the pat-
tern of iodized oil retention only (P = 0.019).

Conclusion: The combination of density and visual estimate of
homogeneity is superior to either alone in predicting tumor re-
sponse of c-TACE in HCC patients.

Key words: conventional transcatheter arterial
chemoembolization, hepatocellular carcinoma, iodized oil,
postprocedural plain cone-beam CT, voxel gray value

INTRODUCTION

TRANSCATHETER ARTERIAL CHEMOEMBOLIZATION
is the first-line therapy recommended for patients with

intermediate HCC.1–4 Contrast-enhanced CT or magnetic
resonance imaging is commonly used to evaluate the effi-
cacy of c-TACE5; however, the guidelines state that the eval-
uation should be delayed by at least 1 month because
iodized oil in viable areas is washed out gradually, even
if it filled the tumor immediately after c-TACE.6–10 Conse-
quently, a time lag between treatment and evaluation of

outcome can arise, and retreatment may be delayed in
HCC patients with rapid progressive recurrence.
Cone-beam CT angiography is a substantial advance-

ment in interventional radiology. Several studies have
shown that cone-beam CT angiography can be helpful
during TACE, mostly in cases of complex hepatic arterial
anatomy.11–17 Additionally, postprocedural plain cone-
beam CT can also detect the iodized oil uptake in
HCCs,18,19 and the appearance of iodized oil uptake can
be used as an endpoint of the c-TACE procedure. The
gray-level values of different soft tissues in the same image
remain proportional to their HU values,20 although the
grayscale values of cone-beamCT are not strictly calibrated
to conform to HUmeasurements. It is thus possible to ob-
tain pseudo-HUs from cone-beam CTs. Postprocedural
plain cone-beam CT is supposed to distinguish induced
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necrotic lesions from residual or recurring lesions by
assessing the degree of iodized oil accumulation in HCCs.
Its use might therefore be beneficial in resolving the time
lag problems. The purpose of this study was to assess the
usefulness of the combination of the grayscale voxel values
and morphology of iodized oil uptake in HCCs on
postprocedural plain cone-beam CT as an early predictor
of c-TACE response in HCC patients.

MATERIALS AND METHODS

Study cohort

APPROVAL FOR THIS retrospective study was obtained
from the local ethical review board. Written informed

consent to perform c-TACE was obtained from all patients
before treatment.
This cohort study was carried out as a retrospective anal-

ysis in a single institution. The study included HCC pa-
tients who underwent the c-TACE procedure and who
had undergone immediate postprocedural plain cone-
beam CT and contrast-enhanced multiple-phase CT
1–4months after c-TACE fromApril 2011 to July 2014. Pa-
tients were considered eligible for c-TACE if the diagnosis
of HCC was confirmed by typical radiologic findings
1 month before c-TACE. Additional eligibility criteria in-
cluded a single large or multiple HCC, naïve or recurrent
HCC, Child–Pugh class A or B disease, absent or trace asci-
tes, albumin level > 2.0 g/dL, alanine aminotransferase
and aspartate aminotransferase levels of less than five
times the upper normal limit, total serum bilirubin level
<3.0 mg/dL, prothrombin time – international normal-
ized ratio <1.5, serum creatinine level <2.0 mg/dL, plate-
let count of at least 30000/mm,3 and at least partial
patency of the portal venous system. Patients with metal
spine implants or metallic materials after
interventions/abdominal surgery had to be excluded be-
cause of their metal artifacts.

Patient demographics
One hundred and sixty-nine patients with 262
unresectable HCCs were included in our study (Table 1).
The patient population included 125 men and 44 women
(age range, 43–88 years; mean±SD, 73.9±7.4 years). The
maximal diameter of the tumors ranged from0.5 to 8.9 cm
(mean±SD, 2.3±1.2 cm) on contrast-enhanced CT. Each
injection was carried out in a superselective (160 patients)
or selective (9 patients, 3 in the right hepatic artery and 6 in
the left hepatic artery) manner in the case of unifocal le-
sions or those with multiple feeding vessels, respectively.

Conventional TACE technique
All c-TACE procedures were carried out by two experienced
interventional hepatologists and one experienced inter-
ventional radiologist (M.T, Y.M, and Y.Y, with 12, 18,
and 20 years of experience, respectively), using a consistent
approach.
The celiac artery was selectively catheterized using a 4-Fr.

catheter. A 2.2-Fr. microcatheter (Shirabe; Piolax,
Yokohama, Japan) was advanced coaxially through the
catheter into the common or proper hepatic artery. He-
patic angiography was used for evaluation of the feeding
vessels, and revealed a single large or multiple HCC in
the liver. A microcatheter was positioned as close to the tu-
mor bed as possible before infusion of the emulsion. In
HCC patients with multiple feeders, the position of the
microcatheter was changed within the same session, and
both segmental c-TACE and subsegmental c-TACE were

Table 1 Baseline clinical characteristics of patients with
hepatocellular carcinoma treated with conventional transcatheter
arterial chemoembolization

No. of patients 169
No. of tumors evaluated 262
Sex
Male 125
Female 44

Age, years
Mean± SD 73.9 ± 7.4
Range 43–88

Etiology
HBV 13
HCV 111
NonB/nonC 45
HBV+HCV 0

Child–Pugh class
A 140
B 29
C 0

Tumor location
Left lateral 65
Left medial 41
Right medial 97
Right lateral 53
Segment 1 6

Tumor size, cm
Mean± SD 2.3 ± 1.2
Range 0.5–8.9

Tumor area, cm2

Mean± SD 3.8 ± 5.0
Range 0.3–32.7

Data are presented as mean ± standard deviation (SD).
HBV, hepatitis B virus; HCV, hepatitis C virus.
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carried out. Chemoembolization was carried out using
10–30 mg epirubicin (Nippon Kayaku, Tokyo, Japan) dis-
solved in 1–3 mL distilled water and emulsified with 1–
5 mL iodized oil (Lipiodol Ultra-Fluid; Guerbet, Paris,
France) followed by the injection of gelatin sponge parti-
cles (Gelpart; Nipponkayaku, Tokyo, Japan) 1–2 mm in
diameter. The dose of the emulsion depended on the tu-
mor size and vascularity (maximal volume of emulsion,
8 mL). Once slowing of the blood flow was observed after
administration of the emulsion, only a small amount of
embolic was needed to reach the embolization end-point.
However, the occlusion by gelatin sponge particles was of-
ten temporary and flow recovered within a few minutes,
and a stronger embolic effect was required.21 The end-
point for the administration was stasis in tumor feeding ar-
teries with or without the appearance of iodized oil in por-
tal vein branches. The findings of postprocedural plain
cone-beam CT were not used to tailor the c-TACE
procedure.

Cone-beam CT
Plain cone-beam CT was undertaken immediately after c-
TACE instead of post-embolization digital subtraction an-
giography. C-arm cone-beam CT images were obtained
using an Innova 4100IQ pro angiographic unit (GE
Healthcare, Chalfont St. Giles, UK). Cone-beamCT images
were acquired using the following parameters: total scan-
ning angle, 200°; rotation speed, 20°/s; acquisition time,
10 s; matrix size, 1500×1500; isotropic voxel size,
0.2 mm; and effective field-of-view, 18cm.2 During rota-
tion, 300 images were obtained at a frame rate of 30
frames/s. The acquired images were then transferred to
an external workstation (Advantage Workstation 4.2; GE
Healthcare) where a volume dataset was reconstructed
from the CT type dataset consisting of many sections with
the thickness of one voxel and visualized with a volume
rendering technique.

Imaging data evaluation
Axial maximum intensity projection images were obtained
with a 5-mm slice thickness and 2.5-mm interposition. Ac-
cording to the area of iodized oil accumulation in isolation
(excellent, 100% deposition of iodized oil in the lesion;
good, 50–99%; fair, 1–49%; poor, 0%),9 the subjective
analysis of iodized oil uptake was evaluated based on the
largest diameter dimension of the tumor by a hepatologist
(Y.M., with 18 years of experience in abdominal CT inter-
pretation) who was unaware of the tumor response assess-
ment. Moreover, on a computer monitor with
implementation of a Picture Archiving and Communica-
tion System in our hospital, an ROI was drawn on the

target lesion manually as large as possible to contain the
whole tumor on plain cone-beam CT. Soon thereafter,
the mean voxel gray value and area (cm2) were automati-
cally calculated by multiplying the number of voxels by
the unit volume of a voxel.
Final treatment response was blindly assessed at

1–4 months of CT follow-up (mean 58 days, median
51 days, range 28–120 days) by two radiologists (M.T
and T.M, with 20 and 29 years of experience, respectively)
using mRECIST.22

Statistical analysis
Receiver–operating characteristic curve analyses were used
to determine the appropriate cut-off points for the predic-
tion of complete response of c-TACE. Finally, mRECIST as-
sessment and early prediction using the retention pattern
of iodized oil, the cut-off value of the density, and the
combination of the cut-off density value and retention pat-
tern of iodized oil in HCCs on postprocedural cone-beam
CT were compared.
Data are expressed as themean±SD, and the Pearson χ2-

test was used to test for differences in the distribution of
categorical variables. The ROC curves and the AUC were
calculated to evaluate whether mean voxel gray values in
HCCs on postprocedural plain cone-beam CT predict a
complete response on follow-up CT. A cut-off mean voxel
gray value in HCC was determined for the optimal differ-
entiation between complete response and incomplete re-
sponse. For predicting c-TACE response, the sensitivity,
specificity, positive predictive value, and negative predic-
tive value were each obtained based on the retention pat-
tern of iodized oil, the cut-off value of the density, and
the combination of them on postprocedural cone-beam
CT.
Data were analyzed using statistical software (SPSS 12.0;

SPSS, Chicago, IL, USA). Significance of statistical tests was
taken at P< 0.05.

RESULTS

Tumor response at follow-up CT: Assessment
with mRECIST
According to target response analysis, contrast-enhanced
CT obtained at 1–4 months of follow-up indicated
mRECIST complete response in 72.9% (191/262), partial
response in 6.1% (16/262), stable disease in 16.8% (44/
262), and progressive disease in 4.2% (11/262). This
contrast-enhanced CT was carried out, on average,
57.8 days after c-TACE (median, 51 days; range,
28–120 days). During thefirst half of the follow-up period,
complete response was achieved in 71.3% (107/150).

Prediction of early response of c-TACE using CBCT E115Hepatology Research 2017; 47: E113–E119

© 2016 The Japan Society of Hepatology

－382－



Complete response was achieved in 65.2% (73/112)
during the second half of the follow-up period. There
was no significant difference in treatment response assess-
ment between the first and second half of the follow-up
(P=0.29).
According to the pattern of iodized oil uptake,

postprocedural plain cone-beam CT showed uptake to
be excellent in 70.6% (185/262), good in 19.5% (51/
262), fair in 9.9% (26/262), and poor in 0%. The sensitiv-
ity, specificity, positive predictive value, negative predic-
tive value, and accuracy for predicting complete response
were 85.9%, 70.4, 88.6%, 64.9%, and 81.7%, respectively,
due to excellent uptake on cone-beam CT (Table 2). If
plain cone-beam CT immediately following c-TACE
showed good grade iodized oil uptake within HCC, nod-
ular iodized oil uptake was not often observed after a few
months.

Analysis of ROC curve using mean voxel gray
value at postprocedural cone-beam CT and
prediction of tumor response
All HCCs revealed iodized oil uptake in the lesions on
plain cone-beam CT immediately after c-TACE. The mean
voxel gray values in HCCs ranged from 20 to 1113 (mean
±SD, 364±244). Figure 1 shows that the AUC of voxel
values was 0.86 (95% confidence interval, 0.81–0.91).
Based on the values of sensitivity and specificity, voxel
value 200.13 was selected as the cut-off. The sensitivity,
specificity, positive predictive value, negative predictive
value, and accuracy for predicting complete response were
86.4%, 80.3, 92.2%, 68.7%, and 84.7%, respectively, with
a cut-off voxel value of 200. Actually, some HCCs showed
heterogeneous iodized oil accumulationwith highermean
voxel values in the ROI than the cut-off level.
With a cut-off voxel value of 200 and excellent iodized

oil retention, the sensitivity, specificity, positive predictive

value, negative predictive value, and accuracy for
predicting complete response were 86.4%, 95.8%,
98.2%, 72.3%, and 88.9%, respectively (Table 3). The pre-
dictive accuracy was significantly better than that of the
pattern of iodized oil retention alone (P=0.019)
(Table 4).

DISCUSSION

EVEN IF THE iodized oil uptake was considered to be
good, washout during follow-up sometimes suggested

the presence of a viable tumor. For additional diagnostic
value of early prediction of c-TACE response, our study in-
vestigated whether plain cone-beam CT immediately after
c-TACE can help to predict tumor response

Table 2 Comparison of the pattern of iodized oil uptake only on
postprocedural cone-beam computed tomography (CT) and
follow-up modified Response Evaluation Criteria in Solid Tumors
(mRECIST) assessment

mmRECIST assessment

CR Not CR Total

Excellent 164 21 185
Plain cone-beam CT
Not excellent 27 50 77
Total 191 71 262

CR, complete response.

Figure 1 Receiver–operating characteristic curve as a predictor of
complete response to conventional transcatheter arterial
chemoembolization on plain cone-beam computed tomography.
The cut-off point for complete responsewas amean voxel value of
200.13 (dotted circle), with a sensitivity of 85.9% and a specificity
of 77.4%. AUC, area under the curve.

Table 3 Comparison of the combination of density and
homogeneity of iodized oil uptake on postprocedural plain cone-
beam computed tomography (CT) and follow-up modified
Response Evaluation Criteria in Solid Tumors (mRECIST)
assessment

mmRECIST assessment

CR Not CR Total

Voxel value ≥200 and Excellent 165 3 168
Plain cone-beam CT
Voxel value <200 or Not excellent 26 68 94
Total 191 71 262

CR, complete response.
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semiquantitatively in patients with HCC. According to the
ROC curve of voxel values as a predictor of complete re-
sponse, an AUC of 0.86 gave a good correlation, with an
optimal cut-off voxel value of 200. The sensitivity, specific-
ity, and accuracy were 85.9%, 77.4%, and 83.6%, respec-
tively. The diagnostic accuracy was shown to be better
than that of the pattern of iodized oil retention alone,
but was limited because some HCCs showed heteroge-
neous iodized oil accumulation. Recurrences often oc-
curred at areas of lower voxel value in HCCs. In practical
situations, using the only numeric value of the mean voxel
value in the ROI has a limited capacity for improving the
accuracy of tumor response assessment. Therefore, two in-
dices of lesion density andmorphologywere applied using
plain cone-beam CT on early prediction of c-TACE. Com-
bining the cut-off and excellent iodized oil retention, the
sensitivity, specificity, and accuracy for predicting com-
plete response were 86.4%, 95.8%, and 88.9%, respec-
tively. The predictive accuracy was significantly better
than that of the iodized oil uptake pattern alone
(P=0.019). Our results showed that the combination of
the cut-off mean voxel gray value and iodized oil retention
pattern was positively associated with treatment response
assessment per nodule, and could assist in accurate predic-
tion of the response to therapy.
Several researchers have undertaken studies to deter-

mine whether cone-beam CT would be appropriate for
evaluating the therapeutic efficacy and treatment response
after TACE.23–26 Yu et al. reported that well-defined strong
arterial enhancement on cone-beam CT was a statistically
significant independent predictor of the therapeutic re-
sponse to c-TACE (OR, 8.08; P=0.05).24 Intraprocedural
dual-phase cone-beamCT could be used immediately after
TACE with doxorubicin-eluting beads to predict HCC tu-
mor response at 1-month follow-up. Loffroy et al. reported
that a significant relationship between tumor enhance-
ment at cone-beam CT after TACE and complete and/or
partial tumor response at magnetic resonance imaging
was found for arterial (OR, 0.95; P=0.023) and venous
(OR, 0.96; P=0.035) phases.25 The imaging characteristics
of different chemoembolic agents differ substantially, thus

requiring different post-treatment cone-beam CT tech-
niques. They administered embolic drug-eluting beads in
TACE without using iodized oil, and plain cone-beam CT
immediately after drug-eluting bead TACE dose not yield
significant imaging findings because of the beads’ high per-
meability to X-rays. It is certain that iodized oil can also
easily accumulate in well-enhanced HCCs; however,
cone-beam CT hepatic arteriography was not routinely
performed in this study. The density enhancement of
cone-beam CT hepatic angiography might be easily af-
fected by the volume and/or injection rate of contrast me-
dium, or the location of the catheter tip. Moreover, it is
well known that the tumor response is higher in
ultraselective TACE and lower in TACE of the proximal he-
patic artery.13,27,28 Therefore, not pre-treatment parame-
ters but post-treatment parameters were focused upon for
early prediction of tumor response for c-TACE.
This simple early prediction also eliminates the CT radi-

ation exposure for prediction after c-TACE. Wang et al.
evaluated the capability of postprocedural cone-beam CT
acquired in determining iodize oil retention when com-
pared to 1-day unenhanced CT after TACE.26 The mean
value of tumor volume, iodized oil-deposited regions, cal-
culated average percent iodized oil retention, and HU
value of cone-beam CT were not significantly different
from those ofMDCT. Imai et al. compared themean lesion
density of HCCs inHUs on non-enhanced CT imaging im-
mediately after and 1 week after c-TACE.29 Decreased le-
sion density was a significant independent predictor
associated with a higher local recurrence rate after c-TACE
treatment (hazard ratio, 0.46; P=0.02). In some clinical
studies, CT carried out 1–3 weeks after TACE is often used
for early prediction of treatment response.29–31 Our results
indicate that high density iodized oil accumulation within
HCCs is difficult to wash out. It is reported that the average
effective radiation dose is 8 mSv for a conventional single-
phase CT examination of the abdomen and pelvis,32

which has been associated with an estimated lifetime at-
tributable risk of death from cancer of 0.02%.33 Martino
et al. estimated a cumulative effective dose of
30.5–43.1 mSv for a four-phase 64-section multidetector

Table 4 Sensitivity, specificity, positive and negative predictive values, and accuracy of prediction of transcatheter arterial
chemoembolization response with the combination of cut-off and degree of iodized oil uptake, and the pattern of iodized oil uptake
only on cone-beam computed tomography

Sensitivity, % Specificity, % PPV, % NPV, % Accuracy, %

Combination of cut-off and pattern of iodized oil uptake 86.4 95.8 98.2 72.3 88.9 P =0.019
Pattern of iodized oil uptake only 85.9 70.4 88.6 64.9 81.7

NPV, negative predictive value; PPV, positive predictive value.
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CT (MDCT) examination of the liver34. Unfortunately, no
data on the exposure dose from cone-beam CT could be
derived from our results. However, Loffroy et al. reported
that the entrance dose was 1.42 mSv±0.01 per cone-beam
CT for radiation dosimetry experiments.25 Cone-beam CT
can deliver significantly lower doses to patients and
achieves similar spatial resolution and low contrast detect-
ability compared to standard diagnostic MDCT from a
phantom study.35 Therefore, it should be emphasized that
this early prediction using plain cone-beam CT can replace
conventional CT prediction.
Among HCCs with homogeneous accumulation be-

tween 150 and 220 grayscale values, the chaotic behavior
of c-TACE response was shown in this study. Under this
condition, some achieved complete response; however, lo-
cal treatment failure occurred in the remainder. The advan-
tage of this early prediction is convenience because the
images obtained evaluate early response in a series of c-
TACE procedures. However, due to the lack of information
of intratumoral blood flow, this chaotic behavior could be
attributed to the limit of diagnostic accuracy using plain
cone-beam CT. Contrast-enhanced ultrasonography can
be more sensitive and accurate to detect residual tumor af-
ter c-TACE,36–38 but this examination must be carried out
on another day following c-TACE.
On one cone-beam CT section, voxel gray values were

measured in this study. Unfortunately, we could not eval-
uate the capability of postprocedural cone-beam CT in de-
termining iodize oil retention volumetrically. Indeed,
patients with marginal recurrence on the periphery of the
tumor can be encountered. However, no application can
provide tools for quantifying 3-D regions in clinical prac-
tice. The further development of computing technology
is expected. In this study, voxel values were measured at
the level of the maximum diameter of the tumor. As an al-
ternative use, it might be useful to measure voxel values at
the level of heterogeneous retention of iodized oil in the
tumor. It would seem that most recurrences could happen
at the lower voxel value area on plain cone-beam CT.
The principal limitation of this study was its retrospec-

tive design, which inherently decreases the statistical
strength. Second, this study may have suffered from selec-
tion bias. Finally, voxel values in cone-beamCT are not ab-
solute values. Naitoh et al. observed a high-level
correlation between voxel values of cone-beam CT and
bone mineral densities of MDCT (r=0.965).39 However,
it can be supposed that the correlation between voxel
values in cone-beam CT and MDCT could become lower
at the level of soft tissue. Therefore, the cut-off value of
200 might not have relevance outside of this specific
platform.

In conclusion, poor iodized oil accumulation was an
unfavorable predictor in HCC patients treated with c-
TACE. The pattern of iodized oil uptake on postprocedural
cone-beam CT taken alone did not sufficiently correspond
to 1–4 months of follow-up mRECIST assessment. The
combination of density and visual estimate of homogene-
ity is superior to either alone in predicting tumor response
of c-TACE in HCC patients.
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IgG4-Related Disease and Innate
Immunity

Tomohiro Watanabe, Kouhei Yamashita and Masatoshi Kudo

Abstract An increased number of clinicopathological studies on autoimmune
pancreatitis, cholangitis, and sialoadenitis have led to the recognition of
immunoglobulin G4-related disease (IgG4-RD) as a novel disorder, characterized
by elevated levels of serum IgG4 and infiltration of IgG4-expressing plasma cells in
the affected organs. Although the immunological background associated with the
development of IgG4-RD remains poorly understood, recent studies have suggested
involvement of the innate immune response in its pathogenesis. Peripheral blood
innate immune cells, such as plasmacytoid dendritic cells and monocytes isolated
from patients with IgG4-RD, promote IgG4 production by B cells. Activation of the
innate immune response by microbe- and/or damage-associated molecular patterns
stimulates production of type I interferon and B cell-activating factor by innate
immune cells and results in IgG4 production by B cells. Elucidation of the innate
immune response associated with IgG4-RD may help identify a new therapeutic
target for this immune disorder.
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1 Introduction

Immunoglobulin G4-related disease (IgG4-RD) is a chronic multiorgan
fibroinflammatory disorder (Stone et al. 2012). It was first described by Japanese
physicians and researchers who found elevated levels of serum IgG4 in most
patients with autoimmune pancreatitis (AIP) (Hamano et al. 2001; Kamisawa and
Okamoto 2006; Masaki et al. 2009; Okazaki et al. 2008). Physicians’ awareness and
recognition of IgG4-RD have expanded substantially, enabling gastroenterologists
and clinical immunologists to establish specific diagnostic criteria. These include
the presence of elevated serum IgG4, as well as the massive infiltration of
IgG4-expressing plasmacytes in the affected organs (Stone et al. 2012). Various
single-organ diseases, such as AIP, sialoadenitis, and retroperitoneal fibrosis, are
now considered as organ-specific manifestations of systemic IgG4-RD, because
they share an enhanced IgG4 response. Thus, our knowledge of the clinical and
epidemiological features of IgG4-RD is expanding rapidly, and IgG4-RD is
attracting increasing attention from gastroenterologists and clinical immunologists.

Although the clinical manifestations of IgG4-RD have been established in
several organs, our understanding of its immune pathogenesis remains limited.
Given the elevated IgG4 serum levels and abundant accumulation of
IgG4-expressing plasmacytes in tissues, it is likely that adaptive immunity, rather
than innate immunity, plays a pathogenic role in disease development. In fact, the
remarkable efficacy of B cell depletion therapy (Carruthers et al. 2015; Khosroshahi
et al. 2010) provides strong evidence that adaptive immune cells, such as B and T
cells, are involved in the pathogenesis of IgG4-RD. In line with this, recent studies
have suggested the involvement of abnormal adaptive immune responses, such as
excessive T helper type 2 (TH2), regulatory T cells (Tregs), and plasmablasts
(Mattoo et al. 2014b; Miyoshi et al. 2008; Satoguina et al. 2008; Wallace et al.
2015; Zen et al. 2007). However, these studies have not elucidated the abnormal
immunological environment that leads to the development of IgG4-RD, and a
number of unresolved questions have been raised. These include the identification
of antigens recognized by elevated IgG4 levels and the pathogenicity of IgG4 itself.
In addition, recent investigations have highlighted the importance of innate
immunity in preceding and/or augmenting IgG4 responses driven by adaptive
immunity (Akitake et al. 2010; Arai et al. 2015; Fukui et al. 2015; Watanabe et al.
2012, 2013). Thus, the cross talk between adaptive and innate immune responses is
associated with the immune pathogenesis of IgG4-RD. In this review, we discuss
the innate immune responses associated with IgG4-RD.
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2 IgG4-Related Disease (IgG4-RD)
and Microbe-Associated Molecular Patterns (MAMPs)
and Damage-Associated Molecular Patterns (DAMPs)

2.1 MAMPs and DAMPs

Danger signals are initially recognized by the innate immune system, which then
promotes antigen-specific adaptive immune responses. Innate immunity exerts its
host–defense functions immediately upon recognition of microbe-associated
molecular patterns (MAMPs) (Akira and Takeda 2004; Chen et al. 2009; Strober
et al. 2006) and damage-associated molecular patterns (DAMPs) (Kono and Rock
2008), through germline-encoded pathogen recognition receptors (PRRs). In con-
trast, adaptive immunity is responsible for delayed effector functions, since it relies
on the selection and clonal expansion of antigen-specific B cells and T cells via
gene rearrangement. At present, PRRs are categorized into four types: Toll-like
receptors (TLRs), nucleotide-binding oligomerization domain (NOD)-like receptors
(NLRs), RIG-I-like receptors, and C-type lectin-like receptors (Brubaker et al.
2015). These PRRs are mainly expressed on the cell surface or the cytosolic regions
of innate immune cells such as antigen-presenting cells and epithelial cells. Upon
microbial infection, MAMPs activate PRRs to eradicate or control microorganisms,
in concert with adaptive immune responses against microbe-specific antigens.
Under sterile inflammatory conditions, endogenous non-microbial danger mole-
cules released from dying and necrotic cells activate PRRs and have been impli-
cated in the development of autoimmune diseases (Kono and Rock 2008). Recent
studies have revealed a possible involvement of MAMPs and DAMPs in the
immune pathogenesis of IgG4-RD.

2.2 IgG4-RD and MAMPs

It is generally accepted that excessive immune reactions toward the intestinal
microflora cause inflammatory bowel disease (IBD) (Bouma and Strober 2003).
Indeed, significant numbers of patients with Crohn’s disease present mutations in
caspase recruitment domain 15 (Hugot et al. 2001; Ogura et al. 2001), which
encodes NOD2, a sensor for small peptides derived from the bacterial peptido-
glycan (Strober et al. 2014). NOD2 polymorphisms associated with Crohn’s disease
are thought to alter the immune response to gut bacteria and, consequently, the
composition of the intestinal microflora (Strober et al. 2014). Thus, studies on the
immune pathogenesis of Crohn’s disease in the presence of NOD2 mutations have
revealed an excessive immune response to MAMPs derived from the intestinal
microflora.

Given the lack of definitive genome-wide association or microbiome studies on
IgG4-RD, it remains to be seen whether scenario described above applies to this
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disorder. Some studies suggest a possible involvement of MAMPs in the devel-
opment of IgG4-RD. IBD is categorized in two subsets, Crohn’s disease and
ulcerative colitis. The intestinal mucosa of IBD is characterized by enhanced pro-
duction of TH1 cytokines, such as interleukin (IL)-12 and interferon (IFN)-c, in
Crohn’s disease, and TH2 cytokines, such as IL-5 and IL-13, in ulcerative colitis
(Bouma and Strober 2003). Extensive immunohistochemical analysis of
IgG4-positive plasma cells in the colonic mucosa of IBD patients revealed a sig-
nificantly higher number of such cells in patients with ulcerative colitis than in
those with Crohn’s disease (Virk et al. 2014). In addition, in ulcerative colitis,
colonic infiltration of IgG4-positive plasma cells was accompanied by severe
inflammation (Kuwata et al. 2014). These clinicopathological studies suggest that
accumulation and infiltration of IgG4-expressing plasma cells in the colonic mucosa
of patients with ulcerative colitis are probably caused by an excessive immune
reaction against the intestinal microflora. Supporting this idea, Akitake et al. (2010)
reported a case of IgG4-RD presenting abundant infiltration of IgG4-expressing
plasmacytes in the ileum and colon without any symptoms of IBD. Furthermore,
peripheral blood mononuclear cells isolated from this patient produced large
amounts of TH2 cytokines upon stimulation with TLR ligands (Akitake et al.
2010). In line with this case report, the NOD2 ligand, muramyl dipeptide (MDP),
has been shown to strongly induce IgG4 production in healthy individuals
(Watanabe et al. 2012), which suggests that MAMPs derived from the intestinal
microflora may trigger TH2-driven pathogenic responses in IgG4-RD. Repeated
administration of heat-killed Escherichia coli to C57BL/6 mice induces activation
of the innate immune system and the development of chronic fibroinflammatory
disorder of the pancreas, akin to human AIP (Haruta et al. 2010; Yanagisawa et al.
2014). Taken together, both human and animal studies provide evidence that
MAMPs derived from the intestinal microflora might trigger IgG4-RD through
activation of PRRs.

One major question arising from the above hypothesis is whether a significant
population of patients with IgG4-RD exhibits clinical symptoms of IBD. To this
end, a case–control study revealed that four of 71 patients with AIP had concurrent
IBD (Ravi et al. 2009). The simultaneous occurrence of IBD is generally observed
in patients with type 2 non-IgG4-associated AIP rather than in patients with type 1
IgG4-associated AIP (Hart et al. 2015). Moreover, Ueki et al. (2015) reported an
extremely low incidence of AIP in patients with IBD (Ueki et al. 2015). Thus,
previous case–control studies do not support the hypothesis that MAMPs derived
from the intestinal microflora are involved in the development of IgG4-RD. Given
that intestinal tissue injury is absent even in the presence of massive infiltration of
IgG4-expressing plasma cells (Akitake et al. 2010), the underlying immune reac-
tions do not play a pathogenic role in the gut. In this regard, several mechanisms,
including Tregs-mediated immune suppression, might protect the intestinal mucosa
from tissue injury (Strober et al. 2007). Thus, one possible explanation for the low
incidence of IBD in IgG4-RD patients is that pathogenic immune responses leading
to colonic injury are suppressed by activation of Tregs. In contrast, these responses
might cause tissue injury in sterile organs, such as the pancreas and salivary glands,
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due to the absence of regulatory mechanisms. Future studies addressing global
immune reactions in the gut mucosa of patients with AIP will confirm this
hypothesis.

2.3 IgG4-RD and DAMPs

DAMPs released from dying or necrotic cells are now recognized as potent acti-
vators of the innate immune system (Kono and Rock 2008). The role of DAMPs is
highlighted in acute pancreatitis (Hoque et al. 2011, 2012). Double-stranded DNA
(dsDNA) released from dying acinar cells upon experimental induction of acute
pancreatitis activates TLR9 and NLR family, pyrin domain-containing 3 (NLRP3).
These receptors are expressed in antigen-presenting cells and stimulate production
of proinflammatory cytokines, such as IL-1b and IL-18 (Hoque et al. 2011, 2012).
High-mobility group box chromosomal protein 1 (HMGB1) is a well-studied
DAMP capable of inducing sterile inflammation by activating TLR4 (Zong et al.
2013). Yasuda et al. (2006) reported a marked increase in serum levels of HMGB1
in patients with acute pancreatitis. These studies support the idea that DAMPs
released from necrotic pancreatic tissues induce the development of acute pancre-
atitis through activation of the innate immune system. Similarly, several reports
suggest the involvement of DAMPs, such as dsDNA, monosodium urate crystals
(MSU), and asbestos in the pathogenesis of IgG4-RD. Serum levels of dsDNA are
higher in patients with IgG4-RD than in those with chronic pancreatitis or healthy
individuals (Arai et al. 2015). Antigen-presenting cells and neutrophils isolated
from patients with IgG4-RD induce IgG4 production by B cells upon MSU stim-
ulation (Arai et al. 2015). Furthermore, Toyoshima et al. (2010) reported a case of
IgG4-related lung disease in a worker exposed to asbestos, one of the prototypical
DAMPs to activate the NLRP3 inflammasome (Toyoshima et al. 2010). It should
nevertheless be noted that our knowledge of DAMPs in IgG4-RD is very limited
and definitive proof is still lacking at present.

3 IgG4-RD and T Helper Type 2 Cytokines

Lesions in patients with IgG4-RD are characterized by enhanced expression of TH2
cytokines, such as IL-4, IL-10, and IL-13, rather than TH1 cytokines, such as IFN-c
and IL-12 (Della-Torre et al. 2015; Moriyama et al. 2014; Tanaka et al. 2012). In
vitro studies have shown that stimulation of peripheral blood mononuclear cells
with IL-4 and/or IL-10 increases IgG4 production in healthy subjects (Jeannin et al.
1998; Punnonen et al. 1993). The involvement of TH2 cytokines partly explains the
allergic symptoms and elevated serum IgE levels commonly detected in IgG4-RD
patients. It should be noted, however, that such classical TH2 responses might play
a pathogenic role only in a defined subpopulation of IgG4-RD. Expansion of cells
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expressing IL-4, IL-5, or IL-13 and their lineage transcription factor GATA binding
protein 3 (GATA3) (Crotty 2014) has been detected only in IgG4-RD patients with
atopic symptoms and not in those without these symptoms (Mattoo et al. 2014a).
Co-localization analyses on cells expressing both GATA3 and IL-4, IL-5, or IL-13
have not been performed in the lesions of IgG4-RD patients. Therefore, it is pos-
sible that IL-4 and IL-13 may be derived from other types of cells, such as T
follicular helper (Tfh) cells (Akiyama et al. 2015; Maehara et al. 2012; Moriyama
et al. 2014) and mast cells (Takeuchi et al. 2014, 2015) rather than conventional
TH2 cells.

Tfh is a newly defined T helper subset that induces the development of germinal
centers and the generation of high-affinity antibodies by B cells (Crotty 2014). Tfh
cells express the master transcription factor B cell lymphoma 6 (Bcl6) and the
chemokine receptor CXCR5 and produce large amounts of IL-21 (Crotty 2014).
Maehara et al. (2012) reported increased IL-21 and BCL6 expression in the ectopic
germinal centers of salivary glands from a patient with IgG4-RD (Maehara et al.
2012). Furthermore, flow cytometric analysis by Akiyama et al. (2015) found
elevated numbers of CXCR5+ CD45RA− CD4+ CXCR3− CCR6− Tfh2 cells in the
peripheral blood of IgG4-RD patients. Interestingly, the number of Tfh2 cells
correlated with IL-4 and IgG4 serum levels, suggesting that Tfh cells may enhance
the production of IgG4 in concert with conventional TH2 cells.

Another important feature of the T cell subset in IgG4-RD is infiltration of Tregs
in the lesions (Miyoshi et al. 2008; Zen et al. 2007). Tregs express the master
transcription factor, forkhead box protein p3 (Foxp3), and produce immunosup-
pressive cytokines, such as IL-10 and tumor growth factor (TGF)-b1 (Morikawa
and Sakaguchi 2014), as observed in the liver of IgG4-RD patients (Zen et al.
2007). In vitro studies have shown that Tregs induce IgG4 production by B cells
through IL-10 and TGF-b1 (Satoguina et al. 2008). Thus, it is likely that
Tregs-derived IL-10 and TGF-b1 are associated with enhanced IgG4 production.
One major question concerns the mechanism underlying the occurrence of chronic
inflammation even in the presence of Tregs in IgG4-RD. In this regard, it should be
noted that no studies have addressed the function of Tregs isolated from IgG4-RD
patients by using conventional suppression assays. This leaves the possibility that
Tregs accumulating in the lesions of IgG4-RD patients cannot fulfill their sup-
pressive activity due to impaired immune regulatory functions, thus leading to
chronic fibroinflammatory disorders. Alternatively, activation of Tregs in IgG4-RD
may reflect some sort of counter-regulatory response to strong and persistent
inflammation.

As suggested above, adaptive immune responses associated with IgG4-RD are
mediated by a variety of T cell subsets, including classical TH2 cells, Tfh cells, and
Tregs. Even if the elevated cytokine expression observed in IgG4-RD is confirmed
to be derived from these T cell subsets, further studies are required to elucidate the
cellular and molecular mechanisms accounting for pathological adaptive immune
responses.
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4 T Cell-Independent IgG4 Production (Fig. 1)

Innate immune responses mediated by MAMPs and DAMPs may be important for
the onset and maintenance of abnormal immunological environments leading to
IgG4-RD. Watanabe et al. (2012) have addressed the role of TLR- or
NLR-mediated signaling pathways in the production of IgG4, and some key find-
ings are summarized herein (Watanabe et al. 2012, 2013). First, MDP was found to
be a potent inducer of IgG4 production (Watanabe et al. 2012). Second, MDP
activation of NOD2 in monocytes induced the production of B cell-activating factor
(BAFF), thereby enhancing IgG4 production through inhibition of B cell apoptosis.
These results were obtained from peripheral blood mononuclear cells (PBMCs) of
healthy subjects, suggesting the importance of NOD2 activation for IgG4 pro-
duction in innate immune cells. Third, PBMCs isolated from IgG4-RD patients
produced large amounts of IgG4 and BAFF upon stimulation with TLR and NLR
ligands. Finally, B cells from healthy controls produced large quantities of IgG4
upon stimulation with TLR and NLR ligands via a T cell-independent manner only
when co-cultured with monocytes isolated from patients with IgG4-RD. These
results suggest that activation of the innate immune system by TLR and NLR
ligands may be a critical step for the increased production of IgG4 and that IgG4
production can be induced without any help by T cells (Watanabe et al. 2012). As
for the molecular mechanism accounting for BAFF production, involvement of
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Fig. 1 Innate immune responses associated with IgG4-RD. Damage-associated molecular
patterns (DAMPs) and microbe-associated molecular patterns (MAMPs) activate innate immune
receptors, such as Toll-like receptors (TLRs) and NOD-like receptors (NLRs) expressed in
plasmacytoid dendritic cells (pDCs), monocytes, and basophils. Activation of pDCs by neutrophil
extracellular traps (NETs) leads to robust production of IFN-a and BAFF, whereas activation of
TLRs and NLRs leads to robust production of BAFF. IgG4 production by B cells is enhanced
upon co-culture with pDCs, monocytes, and basophils in a T cell-independent manner.
Additionally, regulatory T (Treg), T helper type 2 (Th2), and T follicular helper (Tfh) cells
stimulate IgG4 production by B cells through IL-4, IL-10, IL-13, and IL-21
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NF-jB activation has been suggested. Inhibition of NF-jB signaling pathways
reduces BAFF production by monocytes upon stimulation with MDP (Watanabe
et al. 2012). Moreover, the DNA sequence of the BAFF promoter has several
functional binding motifs for the NF-jB subunit (He et al. 2003).

Although basophils have been considered effector cells for TH2 and IgE
responses, recent studies have highlighted their role in initiating allergic responses
(Paul and Zhu 2010; Sokol and Medzhitov 2010). It seems likely that activation of
basophils is involved in the immune pathogenesis of IgG4-RD, which is often
characterized by elevated serum IgE levels. Indeed, Watanabe et al. (2013) showed
that activation of TLRs in basophils stimulated IgG4 production by B cells in a T
cell-independent manner (Watanabe et al. 2013). Basophils were found to release
large quantities of BAFF upon stimulation with TLR ligands, thereby triggering
IgG4 production. More importantly, as with monocytes (Watanabe et al. 2012), it
was shown that B cells from healthy controls produced considerable amounts of
IgG4 upon stimulation with TLR and NLR ligands only when co-cultured with
basophils from IgG4-RD patients. These two studies suggest that activation of
TLRs and/or NLRs in monocytes or basophils induces IgG4 production by B cells
in a T cell-independent but BAFF-dependent manner. Moreover, monocytes or
basophils from IgG4-RD patients produce large quantities of BAFF upon exposure
to MAMPs via NF-jB signaling pathways.

Consistent with the above in vitro studies (Watanabe et al. 2012, 2013), BAFF
serum levels are significantly higher in IgG4-RD patients than in healthy controls or
in patients with chronic pancreatitis or pancreatic cancer (Kiyama et al. 2012;
Yamanishi et al. 2011). Interestingly, BAFF-mediated signaling pathways seem to
be operating in the inflamed pancreas, as confirmed by expression of BAFF and
BAFF receptors in cells infiltrating the pancreas of IgG4-related AIP (Yamanishi
et al. 2011). In addition, IgD+ B cells stimulated with BAFF and IL-4 induce Ig
class-switch DNA recombination (CSR), giving rise to IgG1, IgG2, IgG3, and IgG4
(Litinskiy et al. 2002). Taken together, these reports have identified BAFF and TH2
cytokines derived from antigen-presenting cells and T cells, respectively, to be
responsible for the generation of pathogenic immune responses in IgG4-RD. It
should be noted, however, that enhanced IgG4 responses in IgG4-RD cannot be
explained by BAFF-mediated pathways alone, since BAFF is a survival and acti-
vation factor for B cells rather than a specific inducer for IgG4 CSR (Mackay and
Schneider 2009; Mackay et al. 2007).

The above studies on IgG4 and BAFF production in response to MAMPs
support the idea that commensal flora-mediated innate immunity is involved in the
immunopathogenesis of IgG4-RD. In this scenario, tissue injury initiated by an
autoimmune process leads to impaired gut barrier function, followed by entry of
intestinal microflora into the splanchnic vascular bed. MAMPs derived from
intestinal microflora activate tissue-residing antigen-presenting cells and B cells,
thus stimulating production of BAFF and IgG4. This idea is consistent with the
observation that IgG4-expressing plasma cells are sometimes seen in the intestinal
mucosa of patients with IgG4-RD (Akitake et al. 2010; Deheragoda et al. 2007).

122 T. Watanabe et al.

tmhrwtnb@kuhp.kyoto-u.ac.jp

－394－



5 IgG4-RD and Type I IFN (Fig. 1)

Type I IFNs (IFN-a and IFN-b) are indispensable components of host defenses
against viral and bacterial infections (Akira and Takeda 2004). Although rapid
induction of type I IFN production is particularly beneficial against viral infections,
persistent and excessive release of these pluripotent cytokines causes autoimmune
diseases. Detailed and extensive studies using clinical samples from lupus patients
have established that excessive production of type I IFN and activation of down-
stream signaling pathways play a central role in the immune pathogenesis of the
disease (Crow 2014a, b; Huang et al. 2015). This was confirmed by enhanced
expression of type I IFN-related genes in peripheral blood mononuclear cells from
lupus patients (Baechler et al. 2003; Bennett et al. 2003). Since they produce large
quantities of IFN-a (Gilliet et al. 2008), plasmacytoid dendritic cells (pDCs) are
considered the main promoters of type I IFN signaling pathways in lupus (Crow
2014a, b; Huang et al. 2015). This is particularly true, if they are exposed to
immune complexes containing nucleic acids (Crow 2014a, b). Thus, the innate
immune response mediated by pDC-derived IFN-a plays a predominant role in the
initiation and progression of lupus. This notion is supported by recent genome-wide
association studies, which have identified type I IFN-related genes as susceptible
loci for lupus (Deng and Tsao 2010).

A recent study by Arai et al. (2015) provides evidence that activation of pDCs
and IFN-a production are prominent features of human IgG4-RD and an experi-
mental model of AIP (Arai et al. 2015). MRL/MpJ mice treated with polyinosinic–
polycytidylic acid, poly (I:C), exhibit several histological features of chronic
autoimmune pancreatitis, such as massive destruction of acinar cell architecture,
infiltration of immune cells, and fibrosis (Nishio et al. 2011; Schwaiger et al. 2014).
Although human IgG4-related AIP and MRL/MpJ mice treated with poly (I:C)
share important clinical findings, common abnormal immune responses have been
poorly described. Cytokine and chemokine arrays of pancreatic lysates from
MRL/MpJ mice treated with poly (I:C) revealed that type I IFN-related chemoki-
nes, such as chemokine (C-X-C motif) ligand (CXCL) 9, 10, and 11, as wells as
prototypic inflammatory cytokines, such as IL-6 and tumor necrosis factor-a,
increased upon induction of experimental AIP (Arai et al. 2015). Indeed, admin-
istration of poly (I:C) led to a marked increase of IFN-a and IFN-b in the serum of
MRL/MpJ mice and accumulation of pDCs in the pancreas. Since both depletion of
pDCs and blockade of type I IFN signaling pathways prevent pancreatic inflam-
mation, Arai et al. (2015) propose a pivotal role for pDC-mediated IFN-a signaling
pathways in experimental AIP (Arai et al. 2015). In line with the above results,
serum levels of IFN-a are significantly higher in patients with IgG4-associated AIP
than in healthy controls, or in patients with chronic pancreatitis (Arai et al. 2015).
Consistent with a report showing that BAFF expression is directly induced by type I
IFN via interferon regulatory factors 1 and 2 (Sjöstrand et al. 2016), elevated IFN-a
serum levels are accompanied by BAFF levels. Moreover, infiltration of pDCs
producing both IFN-a and BAFF is observed in the pancreas of patients with
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IgG4-associated AIP, but not in those with chronic pancreatitis (Arai et al. 2015).
Regarding activators of pDCs, two recent studies show that neutrophil extracellular
traps (NETs) containing self-DNA and neutrophil-derived proteins are potent
inducers of IFN-a production by pDCs in patients with lupus (Garcia-Romo et al.
2011; Lande et al. 2011). In the case of IgG4-RD, NETs may also be involved in
increased IFN-a release by pDCs. Arai et al. (2015) report that B cells isolated from
healthy individuals produce large quantities of IgG4 when co-cultured with
NET-stimulated pDCs isolated from patients with IgG4-RD. Such pDC-mediated
IgG4 production by B cells is markedly suppressed by the abrogation of type I IFN
signaling pathways, which suggests an important role by pDC-derived IFN-a.
Taken together, these results strongly indicate that pDC activation, followed by
IFN-a release, is one of the pathogenic immune responses associated with
IgG4-RD.

The study described above provides a new insight into the pathogenesis of
IgG4-RD, which, like lupus, is characterized by pDC activation and IFN-a pro-
duction. In addition, autoimmune complexes released by NETs may function as
potent activators of pDCs in both immune disorders. Nevertheless, it should be
noted that clinicopathological features of IgG4-RD and lupus are completely dif-
ferent, with augmented IgG4 production and storiform fibrosis being observed only
in IgG4-RD. Therefore, it is clear that the immunopathogenesis of IgG4-RD cannot
be explained solely by pDC activation and ensuing IFN-a production. Future
studies aiming to identify immune responses other than the pDC-mediated IFN-a
signaling pathways will elucidate the immunopathogenesis of IgG4-RD and help
distinguish it from lupus at a cellular and a molecular level.

6 Conclusions

IgG4-RD is a newly established disease first proposed by Japanese gastroenterol-
ogists and rheumatologists. Although IgG4-RD is characterized by an adaptive
response by B cells, recent studies suggest possible involvement of the innate
immune system. Expression of IFN-a and BAFF produced by innate immune cells
is enhanced in the pancreas of IgG4-RD patients and experimental
AIP. Furthermore, pDCs and monocytes isolated from IgG4-RD patients induce a
marked increase in IgG4 production by B cells through IFN-a and BAFF,
respectively. Although many questions remain to be addressed, these insights into
the role of innate immune responses in IgG4-RD pathogenesis support the idea that
patients with IgG4-RD can be treated with inhibitors of innate immune cytokines,
such as IFN-a and BAFF.
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Background & Aims: The Modified Response Evaluation Criteria
in Solid Tumors (mRECIST) was developed to overcome the limi-
tations of standard RECIST criteria in response assessment of hep-
atocellular carcinoma (HCC). We aimed to investigate whether
objective response by mRECIST accurately predicted overall sur-
vival (OS) in patients with advanced HCC treated with systemic
targeted therapies and also to preliminarily assess this end-
point as a potential surrogate of OS.
Methods: Individual patient data from the BRISK-PS randomized
phase III trial comparing brivanib vs. placebo (the first to prospec-
tively incorporate mRECIST) were used to analyze objective
response as a predictor of OS in a time-dependent covariate anal-
ysis. Patients with available imaging scans during follow-up were
included (n = 334; 85% of those randomized). Moreover, a corre-
lation of the survival probability in deciles vs. the observed objec-
tive response was performed to evaluate its suitability as a
surrogate end-point.
Results: Objective response was observed in 11.5% and 1.9% of
patients treated with brivanib and placebo respectively, and
was associated with a better survival (median OS 15.0 vs.
9.4 months, p <0.001). In addition, objective response had an
independent prognostic value (HR = 0.48; 95% confidence interval

[CI], 0.26–0.91, p = 0.025) along with known prognostic factors.
Finally, objective response showed promising results as a surro-
gate of OS in this trial (R = �0.92; 95% CI, �1 to �0.73,
p <0.001). It was an early indicator of the treatment effect (med-
ian time to objective response was 1.4 months).
Conclusions: Objective response by mRECIST in advanced HCC
predicts OS and thus can be considered as a candidate surrogate
end-point. Further studies are needed to support this finding.
Lay summary: There is a need to identify surrogate end-points
for overall survival in advanced hepatocellular carcinoma. We
studied patients from the phase III BRISK trial, comparing bri-
vanib treatment with placebo after sorafenib progression. We
demonstrate that objective response is an independent predictor
of survival and qualifies as a potential surrogate end-point for
overall survival in this patient population.
Clinical trial number: NCT00825955.
� 2017 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

In 60% of cases, patients with hepatocellular carcinoma (HCC) are
diagnosed when tumors are no longer eligible for potentially
curative therapies [1]. In this setting, only two treatments have
been included in guidelines after demonstrating survival advan-
tages in randomized controlled trials. Patients at an intermediate
stage benefit from chemoembolization and have an estimated
median overall survival (OS) of 26 months [2], while at advanced
stages, sorafenib extends survival from 8 to almost 11 months
[3].
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The optimal management of HCC requires an early and accu-
rate assessment of tumor response to therapy, particularly for
those patients who experience toxicity [1]. Nevertheless, tradi-
tionally established response criteria based on size for tumor bur-
den, asdefinedbyWorldHealthOrganization (WHO)criteria or the
Response Evaluation Criteria in Solid Tumors (RECIST), have been
challenged in HCC due to the nature of effective treatments. Both
chemoembolization and sorafenib often induce direct tumor
necrosiswithout critically affecting tumor size [4].Moreover, valid
radiological criteria are crucial for the optimal development of
clinical trials testing new therapies for HCC: although the primary
goal is to prolong survival, alternative end-points evaluating dis-
ease response and progression have been used to assess treatment
effectiveness earlier and reduce drug development costs [5].

In addition, controversy remains on what should be an ideal
surrogate end-point in HCC research. Objective response was
considered an adequate surrogate end-point when assessing ben-
efits of loco-regional therapies [2,6] by European Society for the
Study of the Liver (EASL) criteria [7]. These criteria were proposed
in 2000 by a panel of experts as an amendment to WHO criteria,
considering treatment-induced tumor necrosis and the concept
of viable tumor assessment. However, the standardization of
RECIST in trials evaluating oncologic therapies led to adopting
these criteria for the first time in HCC in the SHARP trial [3]. This
landmark trial demonstrated that sorafenib was able to signifi-
cantly increase OS compared to placebo, despite an objective
response rate (ORR) of just 2%. Subsequently, experts convened
by the American Association for the Study of Liver Diseases
(AASLD) developed a set of guidelines that aimed to provide a
common conceptual framework for the design of clinical trials
in HCC and endorsed time to progression (TTP) as the optimal
secondary end-point in 2008 [5]. At the same time, this provided
the basis of the modification of RECIST criteria (mRECIST) [8].

These criteria incorporate the concept of viable tumor assess-
ment, defined as the portions of tumor showing arterial enhance-
ment, and thus providing improved sensitivity for clinical
assessment. Moreover, mRECIST also incorporates novel concepts
in assessing progression with lymph node involvement, ascites
and development of new lesions [5,8] (Fig. 1). Thus, assessment
of response by mRECIST was thereafter endorsed by the EASL
clinical practice guidelines of management of HCC [1].

Several studies and one meta-analysis have shown a correla-
tion between objective response by mRECIST and survival in
patients treated with loco-regional therapies [9–13]. In advanced
HCC cases treated with systemic targeted therapies, few studies
suggest a prognostic value of objective response by mRECIST
[14–17]. However, their retrospective nature and the absence of
a time-dependent multivariate analysis considering immortal
time bias, limit the level of evidence in this setting.

We performed an individual patient data analysis of BRISK-PS,
a phase III trial comparing brivanib and placebo in the second line
setting that was the first to prospectively incorporate mRECIST
for the assessment of treatment benefit [18]. The aim was to
investigate whether objective response by mRECIST could accu-
rately predict OS in patients with advanced HCC treated by sys-
temic therapies.

Patients and methods

BRISK-PS trial design, treatment and assessments

BRISK-PS [18] was a multinational, double-blind, randomized, placebo-
controlled, phase III study carried out between February 2009 and June 2011.
Three hundred and ninety-five patients were randomly assigned (2:1) to receive
brivanib, a dual inhibitor of vascular endothelial growth factor receptor and

Measurable lesions Non-measurable lesions

Target lesions Non-target lesions

Maximum of 2 per
organ and 5 in total

CR: Disappearance of any enhancement in all target lesions.

PR: ≥30% decrease in the sum of diameters of viable (enhancement)
target lesions, taking as reference the baseline sum of the diameters 
of target lesions.

SD: Any cases that do not qualify for either PR or PD.

PD: ≥20% increase in the sum of viable (enhancement) target lesions, 
taking as reference the smallest sum of viable (enhancement) target 
lesions recorded since treatment started.

CR: Disappearance of any enhancement in all non-target lesions.

SD/IR: Persistence of enhancement in one or more non-target lesions.

PD: Appearance of one or more new lesions (typical lesions >1 cm, 
atypical or extrahepatic lesions >1 cm interval growth) and/or 
unequivocal progression of existing non-target lesions.
*Pleural effusion or ascites requires cytopathological confirmation of 
the neoplastic nature when target lesions has met criteria for CR, PR 
or SD.

Typical (enhancing) lesions: mRECIST
Atypical (non-enhancing) lesions or extrahepatic lesions: RECIST

Overall response
CR: CR of target and non-target lesions.

PR: CR of target and SD/IR of non-target lesions/PR of target and non-PD of non-target lesions.
SD: SD of target lesions and non-PD of non-target lesions (including absence of new lesions).

PD: PD of target or non-target lesions (including emergence of new lesions).

≥1 cm lesions
Short axis >2 cm in porta hepatis lymph nodes

<1 cm or truly non-mesurable lesions
Infiltrative type HCC, portal vein thrombosis

Fig. 1. Response assessment in HCC by mRECIST following the AASLD JNCI guidelines (adapted from ref [8]). CR, complete response; PR, partial response; SD, stable
disease; PD, progressive disease; IR, incomplete respons.
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fibroblast growth factor receptor signaling pathways, 800 mg once per day or
matching placebo plus best supportive care (BSC). Patients were eligible if they
had documented radiographic or symptomatic progression on/after or were intol-
erant to sorafenib. Patients were required to have one or more measurable target
lesions. Other inclusion criteria included liver function of Child-Pugh Class A or B
(a total score 67) without ascites or encephalopathy an Eastern Cooperative
Oncology Group performance status (ECOG PS) 62, and adequate hematologic,
hepatic and renal functions. Stratification was carried out according to reason
for sorafenib discontinuation (progression vs. intolerance), ECOG PS score (0 vs.
1–2), distant metastasis and/or macrovascular invasion (yes vs. no) and study site.
All patients provided written informed consent before enrollment. The study was
approved by the institutional review board or ethics committee at each center
and complied with provisions of the Good Clinical Practice guidelines and the
Declaration of Helsinki and local laws.

The primary end-point of OS was defined as the time from random assign-
ment until death as a result of any cause. Secondary end-points were TTP and
ORR. TTP was defined as the time from random assignment to radiologic disease
progression and ORR as the percentage of patients with complete response (CR)
or partial response (PR). Tumor measurements were performed every 6 weeks
during treatment by contrast-enhanced, computed tomography or magnetic res-
onance imaging. To define objective response, confirmatory assessments were
performed P28 days after the initial demonstration of the response. Assessment
was performed by a blinded independent radiologic committee using mRECIST.
Results of TTP and ORR were based on central review. Briefly, the study images
were subjected to quality control (adherence to image acquisition guidelines
and trial protocol) before they were evaluated by two board-certified radiologists
with specific expertise in liver imaging. If there was disagreement between the
two reviewers in the response assessment at any time point, a third adjudicating
radiologist reviewed the case and decided which of the two primary radiologists
should be agreed with. In this regard, a previous study showed up to 73% of inter-
reader agreement for mRECIST in HCC patients treated with sorafenib and a com-
parable weighted k coefficient to RECIST [15].

Overall, 226 of 263 brivanib patients (85.9%) and 108 of 132 placebo patients
(81.8%) were evaluable for response because of the presence of baseline and at
least one on-study scan. Of the 61 patients not evaluable due to discontinuation
of treatment before the first radiological assessment, 27 survived less than
6 weeks.

Statistical analysis

Analyses were performed using the SPSS v.23 and SAS v.9.4 software packages. A
Fisher’s exact test was used for comparison of frequency of two categorical vari-
ables. Mann-Whitney U test compared one categorical variable with one contin-
uous variable. The hazard ratio (HR) and their associated confidence interval (CI)
for OS were computed by Cox proportional hazard models for the aforementioned
stratification factors (reason for sorafenib discontinuation, ECOG PS score, distant
metastasis and macrovascular invasion), region, age, sex, race, risk factors, base-
line analytical factors (albumin, bilirubin and alpha-fetoprotein [AFP]), nodal
metastasis and objective response. Variables associated with OS (p value <0.10)
in univariate analysis were included in multivariate models. Statistics involving
evolutionary events were done by means of time-dependent covariate analysis.
Survival curves were performed using Landmark Kaplan-Meier method without
a fixed time (patients enter the objective response group as soon as they achieved
this event); and were compared using the Mantel-Byar test; this method allowed
analysis of survival from the point where the variable changed [19,20]. The rela-
tionship between probability of survival in deciles and log (odds) (i.e., log
[p/1 � p] where p is the prevalence of the end-point) for ORR was evaluated using
Pearson’s correlation coefficient and linear regression; the 95% CI for the R were
estimated by bootstrap with 10,000 simulations. The same approach was used to
evaluate the association between log HRs for OS and log odds ratios for ORR after
dividing the trial into five subgroups at random. All statistical tests were two-
tailed and the threshold level of significance was 0.05.

Results

Objective response by mRECIST as an independent prognostic factor

At the end of follow-up, 233 of the 334 patients with evaluable
response had died, with a median OS of 10.1 months (95% CI;
8.6–11.6) and 9.5 (95% CI; 7.4–11.7) for brivanib and placebo
groups respectively. There were no statistically significant differ-

ences between treatments (HR = 0.88; 95% CI, 0.67–1.16,
p = 0.358), as observed in the whole BRISK-PS population
(HR = 0.89; 95.8% CI, 0.69–1.15, p = 0.331).

There was no CR in either of the two arms among patients
evaluated. ORR was 11.5% (n = 26/226) with brivanib and 1.9%
(n = 2/108) with placebo. Overall, considering all patients
assessed, those patients achieving objective response (n = 28)
had a median OS as per landmark analysis of 15.0 months (95%
CI; 13.7–16.3), significantly better than the 9.4 (95% CI; 8.2–
10.6) months of patients without objective response (n = 306)
(HR = 0.28; 95%CI 0.14–0.54, p <0.001) (Fig. 2A). Specifically, for
patients in the brivanib arm, those with objective response had
better survival (14.3 vs. 9.4 months, HR = 0.31; 95%CI 0.16–0.60,
p <0.001) (Fig. 2B).

In order to evaluate objective response as a predictor of OS we
used a Cox model with objective response as a time-dependent
variable, since this variable was measured after entry into the
study. Multivariate analysis irrespective of treatment identified
objective response by mRECIST as an independent prognostic fac-
tor of OS (HR = 0.48; 95% CI, 0.26–0.91, p = 0.025) along with
nodal metastasis, distant metastasis, macrovascular invasion,
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Fig. 2. Landmark Kaplan-Meier curve of OS between patients with response
or not by mRECIST. (A) Patients in BRISK-PS and (B) in those treated with
brivanib. p value according to Mantel-Byar test.
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AFP >200 ng/ml, albumin > median and bilirubin > median
(Table 1). Objective response maintained independent prognostic
value in patients treated with brivanib (HR = 0.50; 95% CI, 0.25–
099, p = 0.047) (Table 2), indicating that objective response by
mRECIST captures those patients in which treatment changes
the natural history of the disease.

Baseline demographics and disease characteristics that signif-
icantly influenced obtaining a higher percentage of objective
response by mRECIST after treatment with brivanib were: BCLC
A/B stage, absence of distant metastasis and the presence of
low and high levels of AFP and albumin, respectively (Table 3).

Objective response by mRECIST as a surrogate end-point

To further explore the impact of objective response by mRECIST
in the assessment of efficacy of a systemic molecular targeted
therapy, we performed a Pearson correlation between the raw
survival probability of patients in deciles and the log odds ratios
of ORR. This method allowed the determination of the ORR
observed in each one of the ten subgroups, sorted by worse to
better outcome, and their association. As shown in Fig. 3, treat-
ment effects on ORR and OS were significantly associated
(R = �0.92; 95% CI, �1 to �0.73, p <0.001).

In order to provide additional surrogacy of end-points, a
proper correlation between the treatment effect on the surrogate
outcome (objective response by mRECIST) and the treatment
effect on the clinical outcome (OS) is required. To attempt this,
we split the cases in five random subgroups of equal size
(395/5 = 79). The association between log HRs for OS and log
odds ratios for ORR was high (R = �0.80; 95% CI, �1 to 0.23,
p = 0.091) (Fig. 4).

Of note, median time to objective response was 1.4 months
(range: 0.7–8.4) in the 26 patients that reached a PR with bri-
vanib. This means that the first radiological evaluation, con-
ducted at 6 weeks, detects the majority of patients responding
to treatment and thus, objective response could be considered
an early surrogate end-point.

Discussion

OS remains as the main primary end-point in clinical research in
oncology and in HCC. However, there is a need to identify a reli-
able secondary end-point able to recapitulate OS. This will allow
ineffective drugs in phase II trials to be discarded, and enable
testing new therapies in phase III, where median survivals of
patients with intermediate HCC might exceed 30 months, and
cross over treatments might dilute the potential benefits during
follow-up. Objective response was previously considered a reli-
able surrogate end-point for loco-regional therapies in HCC [7],
but studies assessing response by RECIST criteria failed to capture
this benefit. At advanced stages of the disease, performance of
objective response by RECIST was disappointing in capturing
benefits of sorafenib therapy [3]. As a consequence of these fail-
ures, two strategies emerged:

i) Assess response according to the ‘hallmarks of HCC’ for
defining viable tumors (mRECIST criteria) [5,8]

ii) Endorse TTP as a more adequate surrogate end-point, as
per the SHARP trial results [5].

The present study defines objective response as an indepen-
dent prognostic factor for OS, and as a potentially reliable

Table 1. Univariate and multivariate time-dependent analysis of OS in BRISK-PS patients who could be assessed for tumor response.

Univariate analysis Multivariate analysis

HR [95% CI] p value HR [95% CI] p value

Distant metastasis 1.27 [0.96–1.67] 0.094 1.37 [1.05–1.78] 0.019
Macrovascular invasion 1.77 [1.33–2.34] <0.001 1.54 [1.19–1.99] 0.001
Nodal metastasis 1.52 [1.17–1.99] 0.002 1.36 [1.07–1.73] 0.013
AFP >200 ng/ml 2.02 [1.55–2.62] <0.001 1.99 [1.56–2.54] <0.001
Albumin >median1 0.58 [0.45–0.75] <0.001 0.65 [0.51–0.83] 0.001
Bilirubin >median2 2.32 [1.78–3.03] <0.001 2.24 [1.73–2.89] <0.001
Objective response mRECIST 0.28 [0.14–0.54] <0.001 0.48 [0.26–0.91] 0.025

Variables not associated with OS in univariate analysis (p value >0.10) were reason for sorafenib discontinuation, ECOG PS score, region, age, sex, race and risk factors.
1 3.59 g/dl.
2 0.98 mg/dl.

Table 2. Univariate and multivariate time-dependent analysis of OS in patients treated with brivanib and who could be assessed for tumor response in BRISK-PS.

Univariate analysis Multivariate analysis

HR [95% CI] p value HR [95% CI] p value

Distant metastasis 1.51 [1.06–2.16] 0.022 1.35 [0.97–1.89] 0.076
Macrovascular invasion 1.85 [1.33–2.57] <0.001 1.64 [1.20–2.24] 0.002
Nodal metastasis 1.60 [1.16–2.22] 0.005 1.30 [0.96–1.77] 0.086
AFP >200 ng/ml 2.16 [1.56–2.99] <0.001 1.97 [1.44–2.69] <0.001
Albumin >median1 0.56 [0.41–0.77] <0.001 0.58 [0.43–0.80] 0.001
Bilirubin >median2 2.57 [1.85–3.57] <0.001 2.31 [1.68–3.18] <0.001
Objective response mRECIST 0.31 [0.16–0.60] <0.001 0.50 [0.25–0.99] 0.047

Variables not associated with OS in univariate analysis (p value >0.10) were reason for sorafenib discontinuation, ECOG PS score, region, age, sex, race and risk factors.
1 3.59 g/dl.
2 0.98 mg/dl.

JOURNAL OF HEPATOLOGY

Journal of Hepatology 2017 vol. 66 j 1166–1172 1169

－404－



Table 3. Baseline demographics and disease characteristics in patients with and without objective response by mRECIST after treatment with brivanib.

Objective response
(n = 26)

No objective response
(n = 200)

p value

Age (median), yr 63 [36–76] 63 [19–85] 0.933
Sex
Male 23 (88.5) 165 (82.5) 0.583
Female 3 (11.5) 35 (17.5)

Race
White 13 (50.0) 84 (42.0) 0.530
Asian 11 (42.3) 103 (51.5) 0.380
Black/African American 0 (0) 10 (5.0) 0.380
Other 2 (7.7) 3 (1.5) 0.100

Region
America & Europe 16 (61.5) 110 (55.0) 0.675
Asia 10 (38.5) 90 (45.0)

Risk factors*

Alcoholic liver disease 6 (23.1) 20 (10.0) 0.093
Hepatitis B 7 (26.9) 80 (40.0) 0.284
Hepatitis C 7 (26.9) 43 (21.5) 0.615
Other 2 (7.7) 7 (3.5) 0.277

Child-Pugh class
A 26 (100) 189 (94.5) 0.620
B 0 (0) 11 (5.5)

ECOG PS score
0 21 (80.8) 125 (62.5) 0.082
1/2 5 (19.2) 75 (37.5)

Reason for sorafenib discontinuation
Progression 21 (80.8) 177 (88.5) 0.337
Intolerance 5 (19.2) 23 (11.5)

BCLC stage
A/B 9 (34.6) 18 (9.0) 0.001
C 17 (65.4) 182 (91.0)

Distant metastasis 9 (34.6) 142 (71.0) 0.001
Nodal metastasis 7 (26.9) 76 (38.1) 0.387
Macrovascular invasion 8 (30.8) 61 (30.5) 1.000
AFP (median), ng/ml 24 [2–9101] 353 [1–1.2 � 106] 0.001
Albumin (median), g/dl 4.0 [3.0–4.4] 3.5 [2.1–5.0] 0.002
Bilirubin (median), mg/dl 0.9 [0.4–5.7] 0.98 [0.2–15.2] 0.191

(%); [range].
* 54 patients with more than one risk factor were excluded.

11
10
9
8
7
6
5
4
3
2
1

0.01 0.1 0.15 0.25
Odds of ORR

R = -0.92; 95% Cl, -1 to -0.73, p <0.001

D
ec

ile
s:

 s
ur

vi
va

l p
ro

ba
bi

lit
y 

of
 O

S

Fig. 3. Correlation between raw survival probability using deciles and odds of
ORR in brivanib patients within BRISK-PS. Each one of the ten subgroups sorted
by worse to better outcome has an observed ORR. The central regression line is
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surrogate end-point. First, we established an 11.5% ORR by mRE-
CIST in patients treated with brivanib in the setting of BRISK-PS
trial. This figure compares well with data from a phase III trial of
brivanib in front-line advanced HCC, where an ORR of 12% in those
577 patients randomized to brivanib arm was reported [21]. Fur-
thermore, in this study, ORR for sorafenib was 9%, which is within
the range of 9–28% described in several retrospective studies [14–
17,22,23]. These figures for sorafenib are far from the 2% ORR
described for RECIST [5]. Thus, assessment of mRECIST in patients
with advanced HCC treated with anti-angiogenic drugs, might be
in line with other alternative criteria developed to measure
response in other solid tumors. This is the case for Choi criteria,
for the measurement of response in gastrointestinal stromal
tumors treated with imatinib [24] or immune-related response
criteria for melanomas treated with checkpoint inhibitors [25].

Second, we sought to define if objective response was an inde-
pendent predictor of OS in advanced HCC. For this purpose, we
performed a multivariate time-dependent analysis that defined
several variables related to tumoral status (macrovascular inva-
sion, metastases, AFP >200 ng/ml), liver function (bilirubin, albu-
min) and treatment response measured by mRECIST as
independent predictors for survival. This result is critical, since
it represents the first requirement to propose ORR as surrogate
end-point for OS in advanced HCC. In addition, the level of evi-
dence is high due to the phase III randomized controlled nature
of the original study.

Finally, we aimed to explore if ORR could be used as a poten-
tial surrogate end-point in HCC. The way to evaluate therapeutic
effectiveness in oncology is based upon a statistically significant
and clinically meaningful improvement in OS [26]. In clinical
research, surrogate end-points are used in order to provide earlier
measures of difference in treatment effect than OS [1,27]. In our
study, we identified a significant correlation between ORR
assessed by mRECIST after brivanib and OS (R = �0.92). Notably,
most patients with objective response could be identified in the
first radiological evaluation conducted at 6 weeks. Moreover,
objective response overcomes a limitation of other end-points
that include disease stabilization in their definitions (disease con-
trol rate, TTP or progression-free survival [PFS]) since these end-
points may be influenced by the inherent speed of progression of
tumors independently of the effect of the drug [28]. This makes
objective response by mRECIST a promising surrogate end-point
to evaluate efficacy (if a treatment is effective for a certain condi-
tion) after a phase II trial, and thus to decide its further
development.

Thus, if ORR is an independent predictor of survival and a
potentially good surrogate of OS, we need to explain how the dif-
ferences in ORR between brivanib and placebo arms (Odds ratio
5.72; 95% CI, 1.41–23.25, p = 0.003) were unable to correlate with
the lack of survival differences in this trial. The most obvious
explanation is that the magnitude of the benefit obtained by a
drug certainly depends on the type of ORR benefit (CR vs. PR)
and the toxicity. The ORR obtained in the trial according to inten-
tion to treat for the brivanib arm was 9.9% (26/263), a figure that
is suboptimal to impact on the final OS result. Other effective
drugs in cancer such as crizotinib, which achieved a 29% absolute
increase in ORR compared to chemotherapy (74% vs. 45%) in non-
small cell lung cancer [29], or nivolumab, which achieved 40%
ORR in melanoma patients, but with a high rate of complete
responses [30], are examples defining a threshold for ORR to
directly impact in OS benefit. Therefore, to reliably predict

differences among treatments, a higher magnitude of the differ-
ence in terms of quantity (percentage of objective response)
and quality (presence of CRs or long-lasting responses) would
be necessary. This concept is particularly challenging in the
HCC field since, unlike other tumors, the post-progression time
is generally longer than TTP and may dilute part of the benefit
produced by the drug during treatment [18,31].

The importance of objective response as a surrogate end-point
in cancer trials has been acknowledged in some papers by regu-
latory agencies and used in breakthrough trials [32]. Indeed, 24 of
the 25 FDA accelerated marketing approvals for oncologic indica-
tions between 2009 and 2014 were based on ORR [33]. This point
is of significance since the last randomized studies conducted in
HCC have shown inconsistencies between TTP and OS [34]. In this
sense, for instance, the two positive trials showed similar OS
rates for sorafenib in front-line and regorafenib in second line
but with clearly distinct TTP figures [3,35]. Thus, TTP is currently
re-visited as a surrogate end-point in trial design for advanced
HCC. In order to provide absolutely robust data to enforce recom-
mendations in guidelines, the definitive evidence will be
obtained when several randomized trials following mRECIST
assessment will be available, allowing this a meta-analysis
approach comparing the Pearson correlation coefficient of ORR,
TTP or other surrogate end-points with OS [36–40].

In conclusion, these results provide high-level evidence, sug-
gesting that radiological response in advanced HCC by mRECIST
captures clinically meaningful outcomes in terms of OS and
therefore, if confirmed in other future studies at individual and
trial-level [36–40], objective response can be proposed as a com-
plementary surrogate end-point for the efficient development of
clinical trials.
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Abstract

Purpose: To evaluate the quantitative measurement of
liver stiffness (LS), compare the diagnostic performance
of magnetic resonance elastography (MRE) and ultra-
sound-based transient elastography (TE), and evaluate
two different MRE-based LS measurement methods.
Methods: Between October 2013 and January 2015, 116
consecutive patients with chronic liver disease underwent
MRE to measure LS (kilopascals; kPa). Of the 116
patients, 51 patients underwent both TE and liver
biopsy, and the interval between the liver biopsy and
both the MRE and TE was less than 90 days. MRE-
derived LS values were measured on the anterior segment
of the right lobe (single small round regions of interest
per slice; srROIs) and whole right lobe of the liver (free
hand region of interest; fhROI), and these values were
correlated with pathological fibrosis grades and diag-
nostic performance.
Results: Pathological fibrosis stage was significantly
correlated with srROIs (r = 0.87, p < 0.001), fhROI
(r = 0.80, p < 0.001), and TE (r = 0.73, p < 0.001).
For detection of significant fibrosis (‡F2), advanced
fibrosis (‡F3), and cirrhosis, the area under the curve
(AUC) associated with the srROIs was largest, and there
was a significant difference between srROIs and TE (0.93

vs. 0.82, p = 0.006), srROIs and fhROI (0.93 vs. 0.89,
p = 0.04) for detection of ‡F2. For advanced fibrosis
and cirrhosis detection, AUCs were not significant
(0.92–0.96).
Conclusions: MRE and TE detected liver fibrosis with
comparable accuracy. In particular, the srROIs method
was effective for detecting of significant fibrosis.

Key words: MR elastography—Transient
elastography—Liver fibrosis—Fibrosis
assessment—Chronic liver disease

In many chronic liver diseases, liver fibrosis can result in
cirrhosis. Patients with cirrhosis are at an increased risk
of developing hepatocellular carcinoma, encephalopathy,
and varices. In Japan, there are several major causes of
liver cirrhosis. Hepatitis C virus accounts for 70% of
patients with hepatic cirrhosis, followed by hepatitis B
virus (20%), alcoholism (5% to 10%), and other causes
including primary biliary cirrhosis, autoimmune hepati-
tis, and Budd-Chiari syndrome. Recently, non-alcoholic
steatohepatitis, which is common in Western countries,
has also been increasingly reported as a cause of non-
viral chronic hepatitis [1], which is important due to the
possibility of the same potential complications associated
with viral hepatitis mentioned above. Therefore, the
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evaluation of hepatic fibrosis is necessary for proper
management in accordance with the stage, in order to
improve the prognosis of patients.

Currently, the most widely used method for the
diagnosis of advanced fibrosis is histological assessment
from a liver biopsy. However, biopsy of the liver is
invasive, and may be complicated by morbidity and even
death. With regards to evaluating the effects of treatment
for hepatic fibrosis, achieving consistent repeatability has
proved to be difficult.

Recently, simple serological markers including the
FIB-4 index and the aspartate aminotransferase ratio
index have been introduced as non-invasive tests; how-
ever, they are not sufficiently accurate for routine clinical
use [1]. Some promising studies have demonstrated that
liver stiffness (LS) measurements derived via both
ultrasound (US)-based elastography and magnetic reso-
nance elastography (MRE) correlate with histological
data [2–5]. Modes of US-based elastography such as
transient elastography (TE) (Fibroscan; Echo sense,
Paris, France), acoustic radiation force imaging (Sie-
mens, Erlangen, Germany), and supersonic shear wave
elastography (Aixplorer; Supersonic Imagine, Aix-en-
Provence, France) are more commonly used in clinical
practice than MRE. The TE technique, which is one of
the most common modes of US-based elastography
performed worldwide, can quantify localized shear stiff-
ness in the form of a 1-dimensional measurement. Fi-
broscan measures the velocity of shear waves
propagating through the liver tissue [6]. The harder the
tissue, the faster the shear wave propagates. In contrast
to US-based elastography, MRE is much less operator
dependent, and can provide a comprehensive evaluation
of the liver, including the presence of a focal disease and
complications such as varices.

MRE can provide quantitative maps of tissue stiff-
ness over large regions of the liver. Many researchers
have assessed LS by generating regions of interest (ROI)
incorporating the whole liver, the right lobe, and a small
oval shape in an elastogram [7]. Notably, while speci-
mens obtained via liver biopsy only represent approxi-
mately 1/50,000 of the total liver volume [8], it is
generally accepted that the process of fibrosis is not
homogeneous [9]. Rusak et al. [10] reported that LS
exhibited significant variability between the involved
segments, and that the most reproducible method was
averaging the results derived from cross-sections of
whole liver. Thus, with regards to determining the grade
of fibrosis based on biopsy specimens, the single small
round regions of interest per slice (srROIs) method
considering the weighted averages of measured areas is
more appropriate than data derived from the whole liver
or the right lobe, for evaluating fibrosis. In the past
studies, they incorporated the small round ROI in size of
200 mm2 [3] or 100–150 mm2 [11], and 1 cm in diameter
[12].

Therefore, we evaluated the quantitative measure-
ment of LS by investigating the diagnostic performance
of MRE and TE in comparison with histological data,
with a particular emphasis on methods of ROI placement
in MRE.

Methods

Study population

This retrospective study was approved by the relevant
institutional review board, and written informed consent
was obtained from all patients. From October 2013 to
January 2015, 116 consecutive patients with chronic liver
disease underwent both MRE and TE to measure LS. Of
these patients, liver biopsies were performed, and the
interval between the liver biopsy, MRE, and TE was less
than 90 days (median, 29 days; range, 1–82 days). One
patient with diffuse liver nodules due to sarcoidosis and
four patients in whom the LS could not be determined
because of technical failure such as T2* relaxation due to
excessive hemosiderin deposit in MRE, obesity, or bowel
interference in TE were excluded. Finally, 51 patients
(mean age 59.9 years, M:F ratio 21:30) were included.
The background of chronic liver diseases in the patients
included 6 cases of chronic hepatitis B virus, 17 chronic
hepatitis C virus cases, 23 non-alcoholic fatty liver dis-
ease cases, three with alcoholic hepatitis, and two with
primary biliary cirrhosis. Flow diagram of study popu-
lation is shown in Fig. 1.

Histologic assessment

All specimens were obtained via percutaneous US-guided
liver biopsy performed on the anterior lobe of the liver
with a Tru-Cut semiautomatic 16- or 18-gauge needle
apparatus. After standard processing, all specimens were
subjected to hematoxylin-and-eosin staining and Masson
trichrome staining, to assess the stage of liver fibrosis.
Three liver pathologists who were blinded to the patients’
characteristics and the results of both TE and MRE as-

Fig. 1. Flow diagram of study population.
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sessed the stained specimens. We utilized the METAVIR
scoring system for the assessment of liver fibrosis.
Specifically, fibrosis was divided into five stages: F0, no
fibrosis; F1, mild fibrosis (portal fibrosis without septa);
F2, moderate fibrosis (portal fibrosis with rare septa); F3,
bridging fibrosis (numerous septa connecting portal and/
or central areas); and F4, cirrhosis (thick septa with well-
formed regenerative nodules) [13].

MRE technique

All MRE examinations were performed with a 1.5T
scanner (1.5T Signa HDxt, GE Healthcare, Milwaukee,
Wisconsin) with an 8-channel phased-array coil, and TE
was performed with the Fibroscan system (Echosens,
Paris, France).

We placed a passive longitudinal driver (MR touch;
GE Healthcare) over the patient’s right upper quadrant
abdominal wall, which generates shear waves with low
frequency (60 Hz) in the liver. While the vibrations were
transmitted, a two-dimensional phase-contrast gradient
echo MRE pulse sequence was performed to capture the
propagation of the shear waves [14]. The MRE acquisi-
tion parameters utilized were as follows: repetition time

ms/echo time 50/21.6, flip angle 30�, field of view 42 cm,
and matrix size 256 9 64. We used the ASSET parallel
imaging with an acceleration factor of 2. MRE acquisi-
tion of each section required two breath holds, and the
duration of each breath hold was 16 s. To achieve a
consistent position of the liver for each phase offset,
patients held their breath at the end of expiration. After
data acquisition was complete, the wave images were
automatically processed by the host computer, which
then generated elastograms depicting the shear wave
stiffness in kPa. Thereby, four noncontiguous axial slices
(section thickness 10 mm, intersection gap 3 mm) were
obtained in each patient, with the center of the slices
located at the portal hilar level corresponding to the
biopsy site. In some cases, one of the obtained elas-
tograms was not satisfactory because of an irregular
wave reflection, motion artifact, and wave diffraction.

LS values were obtained via two different methods;
placing the ROIs on the elastogram image and referring
to the wave images where wave propagations were reg-
ular and relatively free of reflections and interference
patterns. First, in the srROIs method, we placed a single
small round ROI on the right anterior lobe of the liver
per slice of the elastogram. As a result, the four LS values

Fig. 2. An MRE color map (left), wave image (middle), and
elastogram image (right). A A case of F1 stage. A small round
ROI was placed on the anterior lobe of the liver on the LS map
per slice (srROIs method). The averaged LS value was

2.85 kPa. B A case of F4 stage. A free hand ROI was placed
over the right lobe of the liver on the LS map (fhROI method).
The LS value was 9.23 kPa.
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obtained from each elastogram were averaged (Fig. 2A).
The average liver area for each slice using the srROIs
measurement method was 125 mm2 (range 101–
147 mm2). Second, fhROI were placed in the whole right
lobe (Fig. 2B). The attending radiologist (M.T), who had
8 years of clinical experience and was blinded to each pa-
tient’s clinical history and their US-TE results, carefully
avoiding focal lesions, large hepatic vessels, their large
branches, liver edges, and motion artifacts by referring to
wave images where propagations were regular and rela-
tively free of reflections and interference patterns.

US-TE technique

Fibroscan is one of various modes of TE available, and is
categorized as a dynamic form of elastography that can
evaluate elasticity by directly measuring the propagating
wave velocity associated with an external vibration
source. The frequency of the wave was 50 Hz and the LS

values were obtained via the right intercostal approach.
This was performed by the same hepatologist with
15 years of clinical experience (NY), who was blinded to
each patient’s MRE results, and the results were nor-
malized to the median values of 10 acquisitions with a
success rate of >60% and an interquartile range of
<30% of the median LS [15]. Particular attention was
paid to the stiffness values derived from TE. These values
were expressed with reference to Young’s modulus and
the stiffness values derived from the MRE shear module
[16]; therefore, the Young’s modulus (kPa) values were
equivalent to three times those of the values calculated
via the MRE shear module.

Statistical analysis

R software (version 2.12.0; R Foundation for Statistical
Computing, Vienna, Austria) was used for all statistical
analyses [17]. Continuous variables are expressed as the

Fig. 3. Scatter plots of the correlations with the three different methods A--C.

Table 1. Distribution of fibrosis stage and mean LS values

F0 (n = 6) F1 (n = 13) F2 (n = 13) F3 (n = 15) F4 (n = 4)

Small round ROI
method

2.44 ± 0.3 (1.96–2.98) 3.24 ± 0.61 (2.60–4.24) 4.14 ± 0.75 (2.88–5.45) 6.74 ± 1.96 (3.78–10.1) 8.73 ± 0.51 (8.03–9.23)

Free hand ROI
method

2.72 ± 0.81 (1.93–4.28) 3.39 ± 0.83 (2.35–4.81) 4.18 ± 1.03 (2.68–5.96) 6.56 ± 2.23 (3.56–10.75) 8.27 ± 0.96 (7.54–9.66)

Fibroscan (TE) 5.93 ± 3.18 (3.80–12.1) 7.47 ± 3.35 (3.60–15.3) 8.55 ± 3.96 (3.20–16.3) 22.7 ± 17.8 (6.10–75.0) 39.1 ± 8.77 (27.4–48.0)

The mean LS values based on each of the hisological fibrosis grades for the three different methods assessed
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mean ± SD, and categorical values are expressed as
numbers and frequencies. First, a normality test (Sha-
piro–Wilk test) was performed on the LS values obtained
via MRE and US-TE, which determined the choice for
the non-parametric test. Correlations between the
quantitative values generated via srROIs and fhROI on
MRE, US-TE, and histological grades were evaluated via
computed Spearman’s rank correlation analysis. Steel–
Dwass non-parametric analysis was performed for mul-
tiple comparisons between the different histopathological
fibrosis stages. To evaluate agreement between the LS
values of TE and MRE, a Bland–Altman analysis was
performed. The overall predictive ability of MRE and
TE for the assessment of fibrosis grades was compared
by constructing receiver operating characteristic (ROC)
curves which discriminated between significant fibrosis
(‡F2), advanced fibrosis (‡F3), and cirrhosis (F4).
Respective areas under the curve (AUCs) were then
calculated, and the Delong test was performed on the
basis of histopathological analysis. A p value of <0.05
(two-tailed) was considered statistically significant.

Results

Distribution of fibrosis stage and mean LS values

In patients with biopsy data, the distribution of fibrosis
stage was: F0 in 11.8% (6/51), F1 in 25.5% (13/51), F2 in
25.5% (13/51), F3 in 29.4% (15/51), and F4 in 7.8% (4/
51). Figure 3 and Table 1 show the scatter plots and
mean LS values based on each of the histological fibrosis
grades for the three different methods assessed.

MRE and TE correlations

Spearman’s rank correlational analysis yielded a strongly
positive statistically significant correlation between the LS
values as determined via the srROIs MRE method and his-
tological fibrosis stage (r = 0.87, p < 0.001), and good cor-
relations between the fhROI method (r = 0.80, p < 0.001)
and the TE method (r = 0.73, p < 0.001) (Fig. 4A–C).

Multiple comparisons between different fibrosis
stages

In comparison of the three methods, we were able to
distinguish between adjacent histological hepatic fibrosis
stages most significantly with the srROIs method
(Fig. 4A–C).

Agreement between MRE and TE

Bland–Altman analyses (Fig. 5A for the srROIs method
and 5b for the fhROI method) suggested significant

Fig. 4. Box plots representing LS values derived via TE and
MRE utilizing the srROIs and fhROI methods. A LS values
yielded by the srROIs method in the anterior lobes of livers at
different fibrosis stages. There was a strong correlation
(r = 0.87, p < 0.001). B LS values yielded by the fhROI
method in the right lobes of livers at different fibrosis stages.
There was a strong correlation (r = 0.80, p < 0.001). C LS
values yielded by TE at different fibrosis stages. There was a
strong correlation (r = 0.73, p < 0.001).
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proportional bias between TE and each of the srROIs
and fhROI measurement methods (y = 1.51x - 4.94,
y = 1.51x - 4.98 respectively, p < 0.001 for both).

Diagnostic performance of MRE and TE

ROC analysis for discriminating significant fibrosis, ad-
vanced fibrosis, and cirrhosis provided the respective
AUCs, cut-off values, sensitivities, specificities, positive
predictive values, negative predictive values, and accu-
racies (Table 2).

For the detection of significant fibrosis and advanced
fibrosis, the AUC associated with MRE using the srROIs
method was the highest of all the modes tested. In
addition, the Delong test revealed a significant difference
between the results yielded by the srROIs method and
TE (0.93 vs. 0.82, p = 0.006) and between srROIs and
fhROI (0.93 vs. 0.89, p = 0.04) for detection of signifi-
cant fibrosis, but not between fhROI and TE (0.89 vs.
0.82, p = 0.053). For the detection of advanced fibrosis
and cirrhosis, the difference of the AUCs was not sig-
nificant (p = 0.07).

Discussion

In this study, the MRE-derived LS values yielded by the
srROIs and fhROI methods were significantly correlated
with pathological fibrosis stage (r = 0.87 and 0.80
respectively, p < 0.001 for both). The results yielded by
TE were also significantly correlated with pathological
fibrosis stage, although that correlation was not as
strong (r = 0.73, p < 0.001).

The SD tended to increase as fibrosis progressed.
Yoon et al. [3] suggested that a wide range in SD values
reflected the heterogeneity of fibrosis rather than a
measurement error. Moreover, the Bland–Altman anal-
ysis demonstrated a proportional bias as fibrosis pro-
gressed. The LS values of TE and MRE were expressed
as Young’s modulus and shear elasticity modulus,
respectively. The Young’s modulus is equal to three
times the shear elasticity modulus. Even if the modulus
difference was corrected, there was a discrepancy in the
corrected LS values. This may have been due to other
plural factors involved in the measurement of the LS
values: a one-dimensional or two-dimensional measure-

Fig. 5. Bland–Altman analyses comparing LS values mea-
sured by MRE and TE showed significant proportional bias
between TE and each of the two alternative measurement
methods investigated. A The srROIs method. The existence
of proportional bias is suggested by the significant slope of the
regression line compared to the average (slope = 1.51,

p < 0.001). The regression line is shown with 95% individual
confidence limit bands. B The fhROI method. The existence
of proportional bias is suggested by the significant slope of the
regression line compared to the average (slope = 1.51,
p < 0.001). The regression line is shown with 95% individual
confidence limit bands.

Table 2. ROC analysis
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ment, a transient or continuous wave, and a vibration
source of 50 or 60 Hz. For example, the MRE using a
two-dimensional measurement results in more wave
interference from adjacent tissues. The difference be-
tween a continuous and transient wave will lead to wave
dispersion. The size of vibration source may cause dif-
ferences in wave diffraction [11, 17–19]. As a result, we
postulated that the degree in which fibrosis, congestion,
and inflammation influences an LS value may be dif-
ferent between an MRE and TE.

In previous reports on the determination of fibrosis
grade via MRE, LS cut-off values have generally corre-
sponded to histological fibrosis grades of F0 (1.5–2.9 kPa)
and F4 (‡5.2 kPa), and for TE, LS values of F4 were
reportedly associated with ‡12–14 kPa [8]. The MRE re-
sults of the ROC analysis in the current study were very
similar to those of previous reports with regards to dis-
tinguishing significant fibrosis, advanced fibrosis, and
cirrhosis, even for the srROIs method considering weigh-
ted average in the right anterior segment of liver. Further,
the results of the srROIs method were superior to those of
the fhROI method, with respective AUCs of 0.93 vs. 0.89
for significant fibrosis, 0.96 vs. 0.93 for advanced fibrosis,
and 0.94 vs. 0.93 for cirrhosis. Notably, with regards to
significant fibrosis, the Delong test also revealed a statis-
tically significant difference between AUC of the srROIs
and TE (0.93 vs. 0.82, p = 0.006), even between AUC of
srROIs, and fhROI (0.93 vs. 0.89, p = 0.04), but not sig-
nificant for others.

With regards to MRE, generally methods involving
the placement of large ROIs rather than srROIs have
been recommended, in order to enable averaging of the
parenchymal heterogeneity [12, 20–24]. Lee et al. com-
pared the reliability, reproducibility, and repeatability of
three measurement methods: the placement of several
small round ROIs in each liver segment, the placement of
larger sized ROIs in the whole liver, and the placement of
only a small sized ROI in the right anterior segment of
liver. They concluded that the former two methods were
significantly more reliable than using a single small
round ROI alone in an anterior segment of the liver [12].
Rusak et al. concluded that LS varied significantly be-
tween segments, but there was less variation between
cross-sections of the same segment, even in healthy
adults [10]. Therefore, we utilized the srROIs method to
calculate the average LS values yielded by a single small
round ROI placed on the right lobe of the liver per slice,
in order to minimize cross-sectional and inter-segmental
variations in LS associated with the biopsy site. There-
fore, the consistency within the segments is at least
maintained. While the validity of the srROIs method
remains to be determined, we suggest that it may yield
reasonable consistency with regards to the biopsy site
and ROIs placement only within the right anterior lobe
of the liver, and may be less affected by inter-segmental
variation than more traditional methods, resulting in a

better correlation with the pathological fibrosis stage
than methods involving larger ROIs.

In the current study, MRE yielded superior diag-
nostic results to TE, using the srROIs method. Notably,
the method also yielded average stiffness values derived
from larger regions of the liver. In this respect, MRE has
the potential to replace liver biopsy as a non-invasive
imaging procedure as it can assess the whole liver.
Moreover, the current study may facilitate more appro-
priate choices with regards to the two methods of ROI
placement investigated. Specifically, while the fhROI
method may be more appropriate in cases where evalu-
ation of a larger region of the liver is required (for
example, when assessing the effects of hepatitis treat-
ment), the srROIs method may be more appropriate in
cases requiring comparisons between biopsy specimens.

The current study had several limitations, in that it
was a retrospective study with a relatively small sample
size, and included cases of chronic hepatitis with varying
etiology. In addition, we did not evaluate reproducibility
or reliability. In future studies, the efficacy and clinical
adequacy of the srROIs method will be investigated.

Both MRE and US-based TE can be used to assess
hepatic fibrosis. In the current study, both methods
demonstrated comparable accuracy in patients with
chronic liver diseases, with regards to analysis of the liver
biopsy specimens. Both methods are non-invasive, and
proved useful for evaluating the degree of hepatic
fibrosis, particularly with regards to the detection of
advanced fibrosis. Additionally, the srROIs and the
fhROI methods were both effective, but the srROIs
method was superior when comparisons were made
based on the biopsy specimens. The results of the current
study suggest that the method of ROI placement utilized
in cases of hepatic fibrosis should be chosen after careful
consideration of the clinical situation.
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ABSTRACT

Background and Aims: Response to sorafenib is highly variable in hepatocellular 
carcinoma (HCC). Baseline inflammatory parameters and treatment toxicities may 
improve survival prediction in patients on sorafenib therapy.

Results: 442 patients with advanced stage HCC on sorafenib were recruited 
(follow-up 5096 person-months at risk). 88% had BCLC stage B or greater HCC and 
72.3% had Child-Pugh A cirrhosis. On Cox multivariate regression, previously-treated 
HCC (HR 0.579, 95% CI 0.385-0.872, p=0.009), Cancer of Liver Italian Program 
(CLIP) score (HR 1.723, 95% CI 1.462-2.047, p<0.0001), baseline red cell distribution 
width (RDW; HR 1.234, 95% CI 1.115-1.290, p<0.0001) and neutrophil to lymphocyte 
ratio (NLR; HR 1.218, 95% CI 1.108-1.322, p<0.0001) were significant independent 
risks for shorter survival, whilst sorafenib-related diarrhoea was associated with 
prolonged survival (HR 0.533, 95% CI 0.373-0.763, p=0.001). The combination of RD-
CLIP score (CLIP score multiplied by RDW) ≥ 70 and no treatment-related diarrhoea 
had good utility for predicting 3-month survival (AUC of 0.808 (95% CI 0.734-0.882), 
positive predictive value of 86.4% and negative predictive value of 83.3%), compared 
with CLIP (AUC=0.642) or BCLC score alone (AUC=0.579). RD-CLIP score ≥ 35 and 
no treatment-related diarrhoea had an AUC of 0.787 for predicting 12-month survival.

Methods: Patients with HCC were consecutively recruited from three tertiary 
centres (Japan, Italy and UK) and clinical data were prospectively collected. The 
primary study endpoint was overall survival (OS) after commencing sorafenib.

Conclusion: The novel prognostic index of CLIP score combined with inflammatory 
marker RDW and treatment-related diarrhoea has good accuracy for predicting overall, 
3 month and 12 month survival in patients on sorafenib.

Research Paper

－416－



Oncotarget36162www.impactjournals.com/oncotarget

INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth most 
common malignancy worldwide and the third most 
common cause of cancer-related death) [1]. Despite major 
advances in the diagnosis and therapy of HCC, incidence 
of HCC is increasing worldwide and mortality remains 
high despite the global trend of falling cancer death rates 
over the last decade [1, 2].

Sorafenib, an oral multi-targeted inhibitor of 
Raf, Platelet-derived (PDGF) and Vascular Endothelial 
Growth Factor (VEGF) receptors, has proven efficacy 
for advanced HCC, with a reported median 3-month 
improvement in patient survival and delayed radiological 
disease progression by an average of 2 months [3, 4]. 
However, in the clinical setting overall response rates to 
sorafenib are highly heterogeneous [3], due to the fact that 
mortality from HCC is not solely influenced by tumour 
stage, but also by underlying liver function impairment 
and patient performance status.

There are currently no validated stratifying 
biomarkers to predict sorafenib treatment efficacy. 
Whilst molecular traits including intra-tumour Erk 
phosphorylation [5] or focal gains in VEGF-A [6] have 
been postulated as biomarkers of enhanced sorafenib 
sensitivity, these have not translated into validated, 
accessible prognostic tests. Given drug-related toxicities 
and the cost of sorafenib therapy [3, 4, 7], there is an 
unmet need for inexpensive, accessible clinical biomarkers 
to help identify patients who are most likely to benefit 
from sorafenib.

Inflammation is a well-established driver of liver 
fibrosis and carcinogenesis and inflammatory parameters 
predict survival in both cirrhosis [8, 9] and HCC [10-14]. 
Gene expression studies have shown a pro-inflammatory 
signature in the tumour microenvironment predicts shorter 
time to recurrence and worse OS in patients receiving 
radical treatment for HCC [10]. Several groups have 
previously shown that inflammatory parameters, including 
the Inflammation-based Index (IBI) and the neutrophil 
to lymphocyte ratio (NLR), are associated with worse 
survival in HCC [11-14]. More recently, we demonstrated 
that stage-dependent deterioration in red cell distribution 
width (RDW), a marker of anistocytosis, is associated with 
overall survival in HCC, with the strongest prognostic role 
of RDW demonstrated in patients with advanced HCC 
[15]. Moreover, inflammatory parameters such as RDW 
are inexpensive and accessible biomarkers for survival 
prediction in HCC.

The aim of this study was to use a multivariable 
regression model to evaluate the prognostic value of 
common clinical and biochemical parameters including 
RDW and systemic inflammatory biomarkers in a large, 
prospectively recruited mixed-race cohort of HCC patients 
receiving sorafenib. Based on our survival analysis, 
we derived a composite Cancer Liver Italian Program 

(CLIP) and inflammation-based algorithm to optimise the 
prediction of survival benefit from sorafenib therapy in 
HCC.

RESULTS

Four hundred and forty two patients with HCC were 
recruited, with a median follow-up time of 7.1 months 
(IQR 3.4-16.1 months) and overall follow-up time of 
5096 person-months at risk. The mean age was 70 +/-10 
years and 78% were male. The majority of patients in the 
cohort had CTP class A (73%) or B (27%) disease, with a 
median CTP score of 6 (IQR 5-7). With respect to tumour 
stage, the majority of patients had a BCLC score of B or 
greater (88%), 29% had portal vein thrombosis (PVT) and 
24% had extra-hepatic metastases. Twenty-five percent 
had received loco-regional treatment prior to sorafenib. 
A summary of the distribution of clinical variables is 
outlined in Table 1.

Clinical variables associated with overall 
survival after sorafenib therapy

Median duration of sorafenib therapy was 3.97 
months (IQR 1.6-10.3 months), with the majority of 
patients ceasing therapy due to progressive disease (178 
of 438 patients in whom follow up data were available, 
40.6%) or unacceptable toxicity (111 of 438, 25.3%). 
Overall, 311 (70.4%) patients died during follow up, 
with a median survival time of 9.6 months (IQR 4.3-
21.3 months) after commencing sorafenib. Three-month 
survival was 78.5% (346/441) and twelve-month survival 
was 33% (147/441). Overall response to sorafenib (either 
complete, partial disease response or stabilisation of 
disease without radiological progression) occurred in 
221 (50.2%) patients, whereas 221 (49.8%) developed 
progressive HCC on imaging during follow up. The vast 
majority (363/ 442, 82.1%) of patients experienced at least 
one side effect of grade 1 or higher severity.

Univariate predictors of OS included age (p=0.013), 
baseline CTP score (p<0.0001), NLR (p<0.0001), RDW 
(p<0.0001), presence of portal venous thrombosis (PVT, 
p<0.0001), presence of metastases (p=0.002), CLIP score 
(p=0.001) and BCLC score (p=0.009). Patients who 
were treatment naïve had longer survival compared to 
patients who had previously undergone therapy (p=0.006). 
Moreover, development of side effects on sorafenib (of 
any severity and at any treatment stage), including 
hypertension p<0.0001, hand-foot syndrome p<0.0001 
and diarrhoea p<0.0001 were univariate predictors of 
survival (Supplementary Table 1). However, on Cox 
proportional hazards analysis (n=175 patients who had 
complete data for all parameters), treatment-naïve 
compared with previously treated HCC (HR 0.579, 95% 
CI 0.385-0.872, p=0.009), CLIP score (HR 1.723, 95% 
CI 1.462-2.047, p<0.0001), RDW (HR 1.234, 95% CI 
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Table 1: Distribution of clinical variables within the cohort (n=442)

Clinical Variable

Number of deaths (N, %) (n=442) 311 (70.4%)

Gender N (%)(n=442)

 Male 346 (78.3%)

 Female 96 (21.7%)

Mean Age (years) +/- sd (n=442) 69.92 +/- 10.06 years

Median (IQR) ALT (μmol/L) (n=438) 41 (26-70)

Median (IQR) total bilirubin (μmol/L) (n=442) 16.00 (10.30-23.94)

Median (IQR) albumin (g/L) (n=441) 36 (31-39)

Median (IQR) CTP score (n=441) 6 (5-7)

Median (IQR) neutrophils (x109/ L) (n=438) 3.1 (2.3-4.4)

Median (IQR) lymphocytes (x109/ L) (n=438) 1.30 (0.99-1.73)

Median (IQR) platelets (x109/ L) (n=440) 145.5 (97.0-210.5)

Median (IQR) NLR (n=438) 2.52 (1.68-3.40)

Median (IQR) red cell distribution width (n=425) 14.2 (13.1-16.0)

Viral hepatitis N (%) (n=213) 98 (46.0%)

Alcohol Liver Disease N (%) (n=210) 97 (46.2%)

Tumour morphology N (%) (n=438)

<50% uninodular 62 (14.2%)

<50% multinodular 257 (58.7%)

>50% multinodular 119 (27.2%)

Median (IQR) AFP (ng/mL) (n=420) 128 (9-1616)

Portal vein thrombosis N (%) (n=442) 128 (29.0%)

Median (IQR) Tumour size (cm) (n=427) 4.2cm (2.1-7.3)

Number of nodules N (%) (n=390)

1-3 nodules 174 (44.5%)

4-6 nodules 100 (25.6%)

7-10 nodules 102 (26.2%)

Multinodular 8 (2.1%)

Diffuse 6 (1.5%)

Metastases N (%) (n=442) 108 (24.4%)

BCLC score N (%) (n=428)

A1 12 (2.8%)

A2 2 (0.5%)

A3 3 (0.7%)

A4 34 (7.9%)

B 148 (34.6%)

(Continued)
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1.115-1.290, p<0.0001) and NLR (HR 1.218, 95% CI 
1.108-1.322, p<0.0001) were all significant independent 
risks for shorter survival in patients receiving sorafenib. 
In contrast, sorafenib-related diarrhoea was associated 
with prolonged survival (HR 0.533, 95% CI 0.373-0.763, 
p=0.001; Table 2).

RD-CLIP score and diarrhoea predicts three-
month survival in patients receiving sorafenib

We further evaluated clinical variables associated 
with survival endpoints at 3 and 12 months. There was 
a significant association between 3-month survival and 
lower CLIP score (OR 0.522, 95% CI 0.382-0.714, 
p<0.0001), lower RDW (OR 0.789, 95% CI 0.688-0.905, 
p=0.001), and sorafenib-mediated diarrhoea (OR 3.682, 
95% CI 1.598-9.335, p=0.003, Table 3), but not NLR.

A combined logistic regression model of these three 
variables confirmed good predictive accuracy for 3-month 
survival, with an AUROC of 0.815 (95% CI 0.727-0.896). 
We then developed a novel prognostic index of baseline 
RDW multiplied by CLIP score (RD-CLIP), combined 
with sorafenib-related diarrhoea in a logistic regression 
model. Using variable cut-offs chosen to maximise 
sensitivity and specificity, a model using a baseline RD-
CLIP score greater than or equal to 70and the presence of 
sorafenib-related diarrhoea had an AUROC for predicting 
three-month survival of 0.808 (95% CI 0.734-0.882), 
with sensitivity of 97.9%, specificity of 40.5%, positive 
predictive value of 86.4% and negative predictive 
value of 83.3%. This was superior to CLIP score alone 
(AUC=0.642) or BCLC score alone (AUC=0.579). 

Median survival time was 2.1 months (IQR 2-2.2 months) 
in patients with RD-CLIP score greater than or equal to 70 
and no sorafenib-mediated diarrhoea, compared with 8.4 
months (IQR 4.23-16.8 months) in patients who did not 
fulfil these criteria (Figure 1A).

Twelve-month survival was also independently 
associated with lower baseline RDW (OR 0.799, 95% 
CI 0.665-0.959, p=0.016), lower CLIP score (OR 0.663, 
95% CI 0.469-0.937, p=0.020), and treatment-naïve 
compared with previously-treated HCC (OR 3.517, 
95% CI 1.626-7.610, p=0.001) on logistic regression. A 
non-significant trend was observed between sorafenib-
related diarrhoea and twelve-month survival (p=0.059). 
A predictive logistic regression model was optimised 
for sensitivity and specificity using a modified RD-CLIP 
cut-off of 35, recurrent HCC and no diarrhoea, with an 
AUROC of 0.787 (95% CI 0.718-0.857), suggesting 
moderate utility as a predictive model of twelve-month 
survival. Sensitivity for twelve-month survival was 44.4%, 
specificity 85.5%, positive predictive value (PPV) 55.6% 
and negative predictive value (NPV) was 79.0%. Again, 
this combination had higher accuracy for 12-month 
survival than either CLIP score (AUC=0.669) or BCLC 
score alone. (AUC=0.579).

The association between sorafenib-mediated 
diarrhoea and RDW and survival is independent 
of dose reductions during treatment

Finally, an important consideration was whether the 
requirement for dose reductions during treatment was a 
confounding factor for the apparent association between 

Clinical Variable

C 225 (52.6%)

D 4 (0.9%)

Median (IQR) CLIP score (n=276) 2 (1-3)

Treatment-naïve versus previously treated HCC (n=204)

Treatment-naïve HCC 103 (50.5%)

Previously treated HCC 101 (49.5%)

Median (IQR) Sorafenib duration (months) (n=440) 3.97 (1.63-10.30)

Adverse events from sorafenib*:

Diarrhoea (n=261) 156 (59.78%)

Hypertension (n=168) 77 (45.8%)

Hand-foot syndrome (n=287) 148 (51.7%)

Mucositis (n=118) 12 (10.2%)

*Adverse events from sorafenib developing during any cycle of treatment
IQR, interquartile range; ALT, alanine aminotransferase; CTP, Child Turcotte Pugh score; NLR, neutrophil to lymphocyte 
ratio; BCLC, Barcelona Clinic Liver Cancer score; CLIP, Cancer of the Liver Italian Program.
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sorafenib-mediated diarrhoea, RDW and survival. Median 
duration of sorafenib was 3.97 months (IQR 1.63-10.30 
months). 261 (59.2%) patients commenced on 400mg 
sorafenib and 180 (40.8%) were commenced on 800mg 
daily, with those starting on lower dose rapidly titrated 
up to target dose. Data describing dose reductions during 
therapy were only available for 109 patients (25%). 
However, in a post-hoc analysis, sorafenib dose reduction 
was not associated with survival (Log-rank p=0.211; 
Wilcoxon rank-sum p=0.853) or with development of 
diarrhoea (χ2 p=0.122) or RDW (Wilcoxon rank-sum 
p=0.842). Though limited by small sample size and 
available data representing only 25% of the cohort, these 
data suggest sorafenib dose reduction was not a significant 
confounding factor for the association between diarrhoea 

or RDW and survival in patients with HCC treated with 
sorafenib in this study.

DISCUSSION

Survival in advanced HCC is dependent upon the 
complex interplay between tumour burden and underlying 
liver disease, which ultimately determines patient 
outcome. Given the modest survival benefit offered by 
sorafenib and the frequent need for discontinuation due 
to poor tolerability, deterioration in liver function or 
progressive disease, prognostic markers to guide clinical 
decision-making in patients with advanced HCC are 
urgently sought. This large, prospective, multicentre study 
enrolling patients from a wide range of racial backgrounds 

Table 3: Clinical variables significantly associated with 3 month and 12 month survival in patients on sorafenib 
therapy (n=232)

Clinical Variable OR 95% CI P-value AUC

Sensitivity
Specificity

PPV
NPP

3 month survival

RD-CLIP≥70 0.017 0.004-0.075 <0.0001 0.808 Sensitivity 97.9%

Diarrhoea on sorafenib 4.990 1.774-14.04 0.002

Specificity 40.5%
PPV 86.4%
NPV 83.3%

Correct identification 86.1%

12 month survival

RD-CLIP ≥35 0.093 0.021-0.415 0.002 0.787 Sensitivity 44.4%

Recurrent HCC 3.943 1.652-9.408 0.002 Specificity 85.5%

Diarrhoea on sorafenib 1.777 0.810-3.899 0.152
PPV 55.6%
NPV 79.0%

Correct identification 73.6%

RD, red cell distribution width; CLIP, Cancer of the Liver Italian Program; HCC, hepatocellular carcinoma.

Table 2: Summary of clinical variables independently associated with survival in patients on sorafenib therapy: 
results of Cox proportional hazards multivariate analysis (n=175)

Clinical Variable HR 95% CI P-value

Treatment-naïve HCC 0.579 0.385-0.872 0.009

NLR 1.252 1.139-1.377 <0.0001

RDW 1.136 1.056-1.223 0.001

CLIP score 1.383 1.195-1.600 <0.0001

Diarrhoea on sorafenib 0.596 0.417-0.852 0.005

NLR, neutrophil to lymphocyte ratio; RDW, red cell distribution width; AFP, alpha-fetoprotein; CLIP score, Cancer of the 
Liver Italian Program score. Primary tumour refers to primary diagnosis of tumour, compared with recurrent tumour after 
previous therapy.
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Figure 1: Survival curves in HCC patients receiving sorafenib, defined by RD-CLIP score and treatment-related 
diarrhoea. A. Kaplan-Meier curve comparing RD-CLIP score greater than 70 and those without treatment-related diarrhoea, to those 
with RD-CLIP score less than or equal to 70 and/ or treatment-related diarrhoea (2.1 months (IQR 2.0-2.2 months) versus 8.3 months (IQR 
4.1-17.6 months); Logrank p<0.0001, Wilcoxon p<0.0001). B. Kaplan-Meier curve comparing RD-CLIP score greater than 35 and those 
without treatment-related diarrhoea, to those with RD-CLIP score less than or equal to 35 and/ or treatment-related diarrhoea (5.6 months 
(IQR 2.8-18.6 months) versus 10.3 months (IQR 4.3-20 months); Logrank p<0.0001, Wilcoxon p=0.0003).
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and disease aetiologies shows for the first time that the 
combination of RDW and CLIP score together with 
treatment-related diarrhoea are superior markers for 
predicting overall, three-month and twelve-month survival 
compared with CLIP or BCLC score alone in patients with 
advanced disease on sorafenib.

RDW reflects inflammation-induced erythroid 
maturation impairment and has clinical utility as a marker 
of inflammation in both liver disease [15, 16, 17] and 
cancer [18]. Inflammation is central to liver damage, 
fibrogenesis and oncogenesis [10, 19], and inflammatory 
markers have prognostic value in HCC [20, 21]. Several 
indices, the Inflammation-based index, IBI; prognostic 
nutritional index, PNI; and modified Glasgow score, 
have prognostic utility for survival in HCC. However, no 
inflammatory scores have been systematically assessed in 
patients with advanced disease on sorafenib. Importantly, 
RDW has previously been validated as a marker of overall 
survival in HCC patients [15], lending credence to the 
association between RDW and survival in advanced HCC 
patients receiving sorafenib. This suggests inflammation 
is a key determinant of survival in advanced HCC, 
which fits with the known driving role of inflammation 
in hepatocarcinogenesis [10, 19]. RDW also reflects 
nutritional status, itself a marker of performance status in 
cancer and also systemic immune function [15]. Moreover, 
RDW is an inexpensive and accessible biomarker in 
patients with HCC receiving sorafenib, as it is already 
provided in the full blood count.

A key finding of this study is that overall survival, 
3 month and 12 month survival were associated with 
diarrhoea as a side effect of sorafenib use, but not skin 
toxicities as previously reported. A number of studies 
have reported off-target effects of sorafenib as prognostic 
factors, including diarrhoea and skin toxicities [22-31]. 
Bettinger et al [29] al reported survival was twice as 
long in patients who developed diarrhoea on sorafenib 
compared to those who did not (7.1 months versus 14.1 
months), findings that have been replicated by others 
[26, 32]. The current study is the largest to date reporting 
the association between treatment-related diarrhoea and 
survival, lending strength to these findings.

It is likely that diarrhoea reflects systemic drug 
levels and drug activity [23, 25, 26, 31, 32]. Evidence 
suggests that there is survival benefit of sorafenib even in 
patients who cease drug due to toxicities, compared with 
those who cease sorafenib due to progressive disease [25], 
findings that were echoed in our study. Another potential 
mechanism of improved survival may be through the 
effects of diarrhoea on the gut microbiome and bacterial 
translocation, both key determinants of survival in 
cirrhosis with portal hypertension [33, 34]. Sorafenib-
induced diarrhoea may lead to alterations in gut flora or 
reduction in the load of nitrogenous commensal bacteria, 
therefore reducing bacterial translocation and ammonia 

absorption akin to the therapeutic effects of lactulose or 
rifaximin on encephalopathy [35].

Though 50% of our patients reported hand-foot skin 
toxicity, there was no association with survival. However, 
skin rash other than hand-foot syndrome was uncommon 
in the cohort (13%) and grade 3-4 HFS was rare, and may 
explain the lack of association found between skin toxicity 
and survival in this study. Hypertension has been reported 
as a prognostic variable for survival [26], however we did 
not replicate this finding, in line with another previous 
negative report [23].

CLIP score, but not BCLC score, was prognostic for 
survival on multivariate analysis. There is good evidence 
for the prognostic potential of both CLIP and BCLC scores 
in HCC [1, 36] and they have traditionally been used to 
stratify those who are most likely to benefit from sorafenib 
[1, 36]. Key features of both scores, including tumour 
morphology, size, AFP levels, metastases and PVT have all 
been shown to predict survival in patients on sorafenib [3, 
4, 25, 27, 33, 37-39]. The main differences between BCLC 
and CLIP scores are greater weight given to CTP class and 
inclusion of AFP in CLIP [1]. The discrepancy between 
our finding regarding BCLC score and other reports [39, 
40] is not surprising given the relative homogeneity of 
our patient cohort, with inherent over-representation of 
patients with well-compensated liver disease and advanced 
HCC. These data also suggest that AFP is an important 
prognostic factor for survival in patients on sorafenib, 
particularly in patients with advanced disease, which is 
supported by data from the study of the VEGF2 inhibitor, 
ramucirumab, where patients with higher AFP levels 
had shorter overall survival [41]. Whilst BCLC remains 
undoubtedly a useful validated system to prioritize 
treatment allocation, our study suggests a better stratifying 
role for CLIP in the prognostic assessment of patients with 
advanced HCC receiving sorafenib, in line with previous 
evidence gathered in patients with advanced disease.

Current prognostic scores such as BCLC and CLIP 
do not include markers of inflammation [1]. However, by 
combining red cell distribution width with CLIP score 
and sorafenib-mediated diarrhoea, 3-month survival was 
predicted with good accuracy (AUC 0.808) and 12 month 
survival with moderately good accuracy (AUC 0.787), 
with greater accuracy than CLIP score or BCLC scores 
alone. Importantly, baseline RD-CLIP and diarrhoea had 
very high sensitivity for predicting 3-month survival, with 
a relatively high PPV and NPV in this study population. 
Our data suggest the addition of inflammatory parameters 
to prognostic assessments such as CLIP or BCLC 
significantly improves prediction of patients most likely 
to benefit from sorafenib, which will inform discussions 
with patients experiencing side effects and considering 
treatment cessation or changing to second-line agents.

There are several limitations to our study. This is 
a pilot cohort study powered to detect clinical variables 
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associated with overall survival that may prove useful 
biomarkers of sorafenib survival in future studies. These 
findings therefore require validation in independent 
cohorts before they can be incorporated into current HCC 
management guidelines, however the data are highly 
suggestive of the merit of further validation studies. We 
did not evaluate dynamic changes in clinical parameters 
over time to confirm ongoing prediction of survival and 
response to treatment, which would be useful to confirm 
their utility throughout duration of sorafenib therapy. 
Moreover, diarrhoea is a more subjective measure 
than RDW or CLIP score for the purposes of survival 
prediction. However, the current study includes a large 
cohort of patients and is well-powered to detect significant 
associations between clinical variables and overall 
survival, which lends considerable weight to our findings.

MATERIALS AND METHODS

This is a prospective, observational cohort study 
of prognostic factors in patients receiving sorafenib for 
advanced HCC. The primary study endpoint was overall 
survival (OS) after commencing sorafenib, censored 
at either death or end date of study follow up (30 
March 2015). Clinical factors related to OS and disease 
progression were determined.

Patients with HCC were consecutively recruited 
to the study from three tertiary centres with specialist 
multidisciplinary services for HCC management: Osaka, 
Japan (183 patients, 41.4%); Novara, Italy (156, 35.4%) 
and Hammersmith Hospital, Imperial College, London 
UK (103, 23.3%) from January 1, 2008 until censorship 
for death or loss to follow up, or the study end date of 
December 31, 2015. Demographic and clinical data, blood 
tests and imaging results were collected prospectively. All 
patients had a diagnosis of HCC based either on imaging 
or histologic criteria according to international guidelines 
[1]. Patients were staged using the Barcelona Clinic Liver 
Cancer (BCLC) and CLIP scores, both of which describe 
liver functional impairment using the Child Turcotte Pugh 
score (CTP) [1].

The study was approved by local institutional 
ethics committees and conducted in accordance with the 
Declaration of Helsinki (update 2004).

Sorafenib treatment

Patients were commenced on sorafenib therapy 
in accordance with BCLC guidelines (BCLC stage 
C, or BCLC stage B if other factors precluded use of 
loco-regional therapies). All patients in the study were 
unsuitable for surgical resection of HCC. Patients with 
decompensated liver disease and performance scores 
≥2 were excluded. Duration, dose modifications and 
tolerability to sorafenib were recorded. Cause for cessation 
of therapy (toxicity, patient preference, disease progression 

or death) was also recorded. Disease progression was 
defined by mRECIST criteria [42].

Statistical methods

Variables were described using mean and standard 
deviation or median and interquartile range (IQR), 
with natural logarithmic transformation of skewed 
data. NLR was calculated by dividing the neutrophil 
count by the lymphocyte count. Univariate analysis of 
variables associated with survival was performed using 
Log-rank testing. Multivariate analysis was performed 
using Cox proportional hazards regression modelling 
using backward elimination and likelihood ratio testing, 
including variables significantly associated with 
survival on univariate analysis. Proportional hazards 
was confirmed using Schoenfeld residuals and visually 
using log-log plots. Prognostic model building utilised 
logistic regression modelling with stepwise backward 
elimination and likelihood ratio testing. Receiver Operator 
Curve (ROC) analysis determined diagnostic accuracy of 
regression models for predicting three-month survival and 
twelve-month survival. All analyses were performed using 
STATA version 12.1 (Stata Corporation, College Station, 
Texas, USA).

CONCLUSION

A novel prognostic index of CLIP score combined 
with RDW and the presence of treatment-related 
diarrhoea had good accuracy for determining overall, 
3 month and 12 month survival in patients who have 
commenced sorafenib. Patients with RD-CLIP scores 
≥ 70 and no treatment-related diarrhoea had median 
survival of 2.1 months compared with 8.4 months in 
those who did not fulfil these criteria. The addition 
of simple, easy-to-measure RDW and sorafenib-
related diarrhoea to current prognostic algorithms in 
advanced HCC management improves accuracy for 
predicting survival benefit of sorafenib in patients with 
advanced HCC and warrants further validation in future 
studies.
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Nivolumab in patients with advanced hepatocellular 
carcinoma (CheckMate 040): an open-label, non-comparative, 
phase 1/2 dose escalation and expansion trial
Anthony B El-Khoueiry,*Bruno Sangro,*Thomas Yau, Todd S Crocenzi, Masatoshi Kudo, Chiun Hsu, Tae-You Kim, Su-Pin Choo, Jörg Trojan, 
Theodore H Welling 3rd, Tim Meyer, Yoon-Koo Kang, Winnie Yeo, Akhil Chopra, Jeffrey Anderson, Christine dela Cruz, Lixin Lang, Jaclyn Neely, 
Hao Tang, Homa B Dastani, Ignacio Melero

Summary
Background For patients with advanced hepatocellular carcinoma, sorafenib is the only approved drug worldwide, and 
outcomes remain poor. We aimed to assess the safety and efficacy of nivolumab, a programmed cell death protein-1 
(PD-1) immune checkpoint inhibitor, in patients with advanced hepatocellular carcinoma with or without chronic 
viral hepatitis.

Methods We did a phase 1/2, open-label, non-comparative, dose escalation and expansion trial (CheckMate 040) of 
nivolumab in adults (≥18 years) with histologically confirmed advanced hepatocellular carcinoma with or without 
hepatitis C or B (HCV or HBV) infection. Previous sorafenib treatment was allowed. A dose-escalation phase was 
conducted at seven hospitals or academic centres in four countries or territories (USA, Spain, Hong Kong, and 
Singapore) and a dose-expansion phase was conducted at an additional 39 sites in 11 countries (Canada, UK, Germany, 
Italy, Japan, South Korea, Taiwan). At screening, eligible patients had Child-Pugh scores of 7 or less (Child-Pugh A or 
B7) for the dose-escalation phase and 6 or less (Child-Pugh A) for the dose-expansion phase, and an Eastern Cooperative 
Oncology Group performance status of 1 or less. Patients with HBV infection had to be receiving effective antiviral 
therapy (viral load <100 IU/mL); antiviral therapy was not required for patients with HCV infection. We excluded 
patients previously treated with an agent targeting T-cell costimulation or checkpoint pathways. Patients received 
intravenous nivolumab 0·1–10 mg/kg every 2 weeks in the dose-escalation phase (3+3 design). Nivolumab 3 mg/kg was 
given every 2 weeks in the dose-expansion phase to patients in four cohorts: sorafenib untreated or intolerant without 
viral hepatitis, sorafenib progressor without viral hepatitis, HCV infected, and HBV infected. Primary endpoints were 
safety and tolerability for the escalation phase and objective response rate (Response Evaluation Criteria In Solid Tumors 
version 1.1) for the expansion phase. This study is registered with ClinicalTrials.gov, number NCT01658878.

Findings Between Nov 26, 2012, and Aug 8, 2016, 262 eligible patients were treated (48 patients in the dose-escalation 
phase and 214 in the dose-expansion phase). 202 (77%) of 262 patients have completed treatment and follow-up is 
ongoing. During dose escalation, nivolumab showed a manageable safety profile, including acceptable tolerability. In 
this phase, 46 (96%) of 48 patients discontinued treatment, 42 (88%) due to disease progression. Incidence of 
treatment-related adverse events did not seem to be associated with dose and no maximum tolerated dose was 
reached. 12 (25%) of 48 patients had grade 3/4 treatment-related adverse events. Three (6%) patients had 
treatment-related serious adverse events (pemphigoid, adrenal insufficiency, liver disorder). 30 (63%) of 48 patients in 
the dose-escalation phase died (not determined to be related to nivolumab therapy). Nivolumab 3 mg/kg was chosen 
for dose expansion. The objective response rate was 20% (95% CI 15–26) in patients treated with nivolumab 3 mg/kg 
in the dose-expansion phase and 15% (95% CI 6–28) in the dose-escalation phase.

Interpretation Nivolumab had a manageable safety profile and no new signals were observed in patients with advanced 
hepatocellular carcinoma. Durable objective responses show the potential of nivolumab for treatment of advanced 
hepatocellular carcinoma.

Funding Bristol-Myers Squibb.

Introduction
Worldwide, liver cancer accounts for more than 
850 000 new cancer cases annually, and approximately 
90% of these are hepatocellular carcinoma.1,2 Chronic 
infection with hepatitis C virus (HCV) or hepatitis B virus 
(HBV) is the leading cause of hepatocellular carcinoma.3 
Hepatocellular carcinoma is often diagnosed at advanced 
stages of disease for which highly effective therapies are 

insufficient. At present, sorafenib, a small-molecule 
multikinase inhibitor, is the only evidence-based systemic 
treatment option for patients with advanced hepatocellular 
carcinoma.2,4,5 In previously untreated patients with 
advanced disease, the median overall survival was 
10·7 months in those treated with sorafenib and 
7·9 months in those who received placebo (hazard ratio 
[HR] 0·69, 95% CI 0·55–0·87; p<0·001).6 In selected 
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patients who tolerated sorafenib but progressed while on 
therapy, another multikinase inhibitor, regorafenib, has 
been reported to provide an overall survival benefit 
compared with placebo (10·6 months vs 7·8 months; 
HR 0·62, 95% CI 0·50–0·78; p<0·001).7

Immunotherapies that inhibit the immune checkpoint 
interaction between programmed cell death protein-1 
(PD-1) and programmed death-ligand 1 (PD-L1) have 
shown substantial survival benefit in some patients with 
metastatic carcinomas of multiple tissue origins.8–11 The 
presence of tumour-infiltrating lymphocytes expressing 
PD-1 in hepatocellular carcinoma lesions and their 
correlation with outcome suggest that immuno-
therapeutic approaches might be useful in this 
setting.12–15

Nivolumab is a fully human immunoglobulin G4 
monoclonal antibody that disrupts PD-1 immune 
checkpoint signalling and thereby restores the 
antitumour activity of otherwise suppressed effector 

T cells. CheckMate 040 is an ongoing, global, phase 1/2 
study of nivolumab in patients with advanced 
hepatocellular carcinoma with or without chronic viral 
hepatitis who were previously treated or untreated with 
sorafenib. In this first report of a PD-1 checkpoint 
inhibitor for the treatment of advanced hepatocellular 
carcinoma, we detail nivolumab safety and efficacy 
results from the dose-escalation and dose-expansion 
phases of CheckMate 040.

Methods
Study design and participants
We did a multicentre, non-comparative, open-label, 
phase 1/2 study in patients with advanced hepatocellular 
carcinoma with or without chronic viral hepatitis (HCV 
or HBV) to evaluate the safety and efficacy of nivolumab 
as a monotherapy (CheckMate 040). The dose-escalation 
phase was conducted at seven hospitals or academic 
centres in four countries or territories (USA, Spain, 

Research in context

Evidence before this study
Patients with advanced hepatocellular carcinoma who have 
tumours that are not amenable to surgical resection or local 
treatment have few effective treatment options. Although 
treatment with multikinase inhibitors provides some overall 
survival benefit—for example, sorafenib in previously untreated 
patients and regorafenib in sorafenib progressors—an unmet 
need remains in many patients. Chronic inflammatory 
conditions in the liver, such as cirrhosis and viral hepatitis, result 
in some degree of immunosuppression within the hepatocellular 
carcinoma tumour microenvironment, making immune 
checkpoints attractive therapeutic targets. We searched PubMed 
from Sept 1, 2010, to Sept 1, 2016, for articles using search terms 
“advanced HCC” and “immunotherapy OR immune checkpoint 
AND HCC”. Non-English articles, review articles, and meta-
analysis references were excluded. We identified one relevant 
phase 1 clinical trial from 2013 evaluating the cytotoxic 
T-lymphocyte antigen (CTLA-4) checkpoint inhibitor 
tremelimumab in a small cohort of patients with advanced 
hepatocellular carcinoma who were infected with hepatitis C 
virus (HCV), which reported a manageable safety profile as well 
as preliminary evidence of antitumour and antiviral activity. 
Several preclinical studies have provided evidence in support of 
immunotherapeutic approaches for hepatocellular carcinoma, 
including the immunogenicity of transformed hepatocytes and 
immunosuppressive tumour microenvironments containing 
infiltrating lymphocytes. However, evidence showing the 
usefulness of immune checkpoint inhibitors in the treatment of 
patients with advanced hepatocellular carcinoma has been very 
limited. As early as 2010, reports have shown that programmed 
cell death protein-1 (PD-1) inhibitors can be potent 
immuno-oncology agents in patients with metastatic 
melanoma, providing rationale for immune checkpoint therapies 
in multiple other malignancies. When the CheckMate 040 trial 

began in 2012, several trials of nivolumab in metastatic tumour 
settings were ongoing. Whether liver-related toxicities from 
immune checkpoint inhibitors would be affected by concomitant 
HCV or hepatitis B virus (HBV) infection in patients with 
hepatocellular carcinoma was not known.

Added value of this study
To our knowledge, this is the first report of a PD-1 checkpoint 
inhibitor in patients with advanced hepatocellular carcinoma. 
The CheckMate 040 trial is a prospective, non-comparative, 
phase 1/2 dose study of nivolumab that assessed safety and 
clinical benefit across multiple hepatocellular carcinoma 
aetiologies, including patients with HCV or HBV infection. 
The efficacy of nivolumab monotherapy was evaluated as a 
first-line treatment in patients who had not previously received 
sorafenib or were intolerant and as a second-line treatment in 
those with previous disease progression on sorafenib.

Implications of all the available evidence
Since the CheckMate 040 trial began, nivolumab has been 
approved in the USA and European Union for the treatment of
melanoma, refractory non-small cell lung cancer, advanced
renal cell carcinoma, and Hodgkin lymphoma; and squamous
cell carcinoma of the head and neck and urothelial carcinoma 
(only in the USA). Studies have shown that nivolumab 
monotherapy provides improved overall survival or clinical 
benefit in these approved indications. In this study in patients 
with advanced hepatocellular carcinoma, nivolumab showed 
encouraging objective response rates and overall survival. The 
safety profile of nivolumab was manageable and no new safety 
signals were observed. These findings support further 
investigation of nivolumab as a treatment option for patients 
with advanced hepatocellular carcinoma; a phase 3 
randomised study of nivolumab monotherapy compared with 
sorafenib is underway.
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Hong Kong, and Singapore) and the dose-expansion 
phase was conducted at 39 sites in 11 countries (Canada, 
UK, Germany, Italy, Japan, South Korea, Taiwan, and the 
countries or territories involved in dose escalation).

Eligible patients were at least 18 years old with 
histologically confirmed advanced hepatocellular 
carcinoma (not amenable to curative surgery or local 
treatment); use of archival tissue samples was allowed. 
Fresh tumour biopsy was required at baseline if no 
other record of histological diagnosis was available. 
Patients in the dose-escalation phase and patients in the 
HCV-infected and HBV-infected cohorts of the expansion 
phase included those whose disease progressed while 
receiving at least one previous line of systemic therapy, 
including sorafenib, or who were intolerant of or refused 
sorafenib treatment. Patients were also required to have 
Child-Pugh scores of 7 or less (Child-Pugh A or B7) for 
the dose-escalation phase and 6 or less (Child-Pugh A) 
for the dose-expansion phase at screening, and an 
Eastern Cooperative Oncology Group (ECOG) 
performance status of 1 or less. Patients with HBV 
infection were required to be receiving effective antiviral 
therapy and have a viral load less than 100 IU/mL at 
screening; antiviral therapy was not required for patients 
with HCV infection. Patients who had previously been 
treated with an agent targeting T-cell costimulation or 
checkpoint pathways (including those targeting PD-1, 
PD-L1 or PD-L2, CD137, or cytotoxic T-lymphocyte 
antigen [CTLA-4]) were excluded. Additional eligibility 
criteria are in the appendix. All patients provided written 
informed consent, and the study protocol and 
amendments were approved by each site’s institutional 
review board or independent ethics committee.

Procedures
Patients received intravenous nivolumab every 2 weeks. 
In the dose-escalation phase, patients were enrolled into 
three cohorts on the basis of hepatocellular carcinoma 
aetiology (without viral hepatitis, HCV-infected, and 
HBV-infected). Across these cohorts, sequential patient 
groups (of up to six patients per dose level for doses 

0·1–3·0 mg/kg and up to 13 patients for 10 mg/kg) 
received the following doses of nivolumab: 0·1 mg/kg 
(patients with HBV infection only), 0·3 mg/kg, 
1·0 mg/kg, 3·0 mg/kg, or 10 mg/kg (patients without 
viral hepatitis [ie, uninfected] only) in a 3+3 design with 
the intention of determining the maximum-tolerated 
dose. Dose-limiting toxicities were determined on the 
basis of the incidence and intensity of adverse events 
occurring up to 2 weeks after the third nivolumab dose. 
Patients were treated until a confirmed complete response 
was achieved (dose-escalation phase only) or until disease 
progression or unacceptable toxicity occurred.

Safety assessments were done continuously during 
treatment and up to 100 days after the last dose or until 
all treatment-related adverse events were resolved to 
baseline or deemed irreversible by the investigator; 
adverse events were assessed using the National Cancer 
Institute Common Terminology Criteria for Adverse 
Events (NCI CTCAE; version 4.03). Patients were 
followed up for survival every 3 months.

We analysed investigator-assessed tumour response 
using the Response Evaluation Criteria In Solid Tumors 
(RECIST; version 1.1) for key study endpoints.16 Exploratory 
endpoints included tumour assessments by modified 
RECIST (mRECIST; assessed by blinded independent 
central review). RECIST version 1.1 was used for 
assessment of the primary endpoint because it is well 
established and provides a more conservative estimation of 
response than mRECIST. Assessment by RECIST 
version 1.1 also allows for comparisons of response data 
with pivotal studies in patients with hepatocellular 
carcinoma (eg, sorafenib/SHARP trial).6 mRECIST has 
not been prospectively validated and has not been evaluated 
for immuno-oncology therapies. Tumour biopsies 
collected at baseline were retrospectively used for analysis 
of PD-L1 expression by immunohistochemistry. Details on 
tumour assessments and measurement of tumour PD-L1 
expression are in the appendix. In patients infected with 
HCV or HBV, HCV RNA and HBV surface antigen 
(HBsAg), respectively, were measured from patient sera at 
baseline and on treatment. Serum anti-HBs levels were 
also measured.

We assessed patient-reported health status in the dose-
expansion phase using the three-level version of the 
European Quality of Life-5 Dimensions utility index 
(EQ-5D-3L) and visual analogue scale (EQ-5D-VAS).17 
Patients completed the EQ-5D-3L at baseline and every 
6 weeks through week 25 while on treatment. The 
analysis population included those who had a baseline 
EQ-5D-3L assessment and at least one post-baseline 
assessment. Additional details on the methodology for 
assessing patient-reported outcomes are in the appendix.

Outcomes
The primary endpoint of the dose-escalation phase was 
safety and tolerability, based on incidence of adverse 
events, serious adverse events, adverse events leading to 

See Online for appendix

Figure 1: Trial design
HCV=hepatitis C virus. HBV=hepatitis B virus.
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discontinuation, and deaths. The primary endpoint of the 
dose-expansion phase was objective response rate. Key 
secondary endpoints included objective response rate 
(dose-escalation phase only), complete response rate, 
disease control rate, duration of response, time to response, 
time to progression, progression-free survival, overall 
survival, and response stratified by PD-L1 expression. 
Additionally, patient-reported quality of life measures and 
tumour response evaluation using mRECIST were 
exploratory endpoints. Secondary and exploratory 
endpoints not reported here are provided in the appendix.

Statistical analysis
We used descriptive statistics to characterise safety 
analyses for all treated patients and to characterise 
patient-reported quality of life outcomes in patients 
treated in the dose-expansion phase. We estimated 
95% CIs using the Clopper-Pearson method for objective 
response rate and the conventional Wald method for 
patient-reported outcomes. We used Kaplan-Meier 
methodology to determine medians and 95% CIs for 

duration of response and overall survival. We determined 
sample sizes for each dose in the dose-escalation phase 
(3–13 patients) on the basis of observed toxicities, not 
statistical considerations. For the dose-expansion phase, 
we chose sample sizes of approximately 50 treated 
patients per cohort to improve estimations of efficacy. 
With a minimum of 50 patients, the lower bound of the 
95% CI for a hypothetical response rate of 20% would 
be 10%.

This study is registered with ClinicalTrials.gov, number 
NCT01658878.

Role of the funding source
The study was designed by the authors in collaboration 
with the funder (Bristol-Myers Squibb). The authors and 
funder were responsible for data collection, and the 
sponsor was responsible for data analysis. The authors 
and funder were involved in data interpretation, 
development of the report, and the decision to submit. 
The corresponding author had full access to all of the 
data and the final responsibility to submit for publication.

Escalation phase Expansion phase

Uninfected 
(n=23)

HCV infected 
(n=10)

HBV infected 
(n=15)

All patients 
(n=48)

Uninfected 
untreated/
intolerant (n=56)

Uninfected 
progressor (n=57)

HCV infected 
(n=50)

HBV infected 
(n=51)

All patients 
(n=214)

Median age (years) 61 (54–72) 67 (60–74) 62 (46–66) 62 (55–69) 66 (59–71) 65 (60–71) 65 (61–73) 55 (42–66) 64 (56–70)

≥65 years 8 (35%) 6 (60%) 6 (40%) 20 (42%) 33 (59%) 29 (51%) 25 (50%) 13 (25%) 100 (47%)

Sex

Female 6 (26%) 4 (40%) 2 (13%) 12 (25%) 8 (14%) 15 (26%) 8 (16%) 12 (24%) 43 (20%)

Male 17 (74%) 6 (60%) 13 (87%) 36 (75%) 48 (86%) 42 (74%) 42 (84%) 39 (76%) 171 (80%)

Race

White 19 (83%) 8 (80%) 1 (7%) 28 (58%) 38 (68%) 34 (60%) 29 (58%) 4 (8%) 105 (49%)

Asian 2 (9%) 2 (20%) 14 (93%) 18 (38%) 16 (29%) 22 (39%) 18 (36%) 45 (88%) 101 (47%)

Black 2 (9%) 0 0 2 (4%) 1 (2%) 1 (2%) 2 (4%) 2 (4%) 6 (3%)

Other 0 0 0 0 1 (2%) 0 1 (2%) 0 2 (1%)

ECOG performance status 1* 9 (39%) 4 (40%) 6 (40%) 19 (40%) 16 (29%) 22 (39%) 15 (30%) 24 (47%) 77 (36%)

Extrahepatic metastases 16 (70%) 6 (60%) 12 (80%) 34 (71%) 36 (64%) 41 (72%) 25 (50%) 42 (82%) 144 (67%)

Vascular invasion 8 (35%) 5 (50%) 6 (40%) 19 (40%) 13 (23%) 18 (32%) 17 (34%) 15 (29%) 63 (29%)

Child-Pugh score

5 19 (83%) 8 (80%) 14 (93%) 41 (85%) 43 (77%) 37 (65%) 27 (54%) 42 (82%) 149 (70%)

6 4 (17%) 2 (20%) 1 (7%) 7 (15%) 12 (21%) 20 (35%) 20 (40%) 9 (18%) 61 (29%)

7–9 0 0 0 0 1 (2%) 0 3 (6%) 0 4 (2%)

α-fetoprotein ≥400 µg/L† 6 (26%) 3 (30%) 6 (40%) 15 (31%) 15 (27%) 22 (39%) 17 (34%) 25 (49%) 79 (37%)

Previous treatment

Surgical resection 15 (65%) 8 (80%) 13 (87%) 36 (75%) 34 (61%) 36 (63%) 18 (36%) 40 (78%) 128 (60%)

Radiotherapy‡ 6 (26%) 2 (20%) 2 (13%) 10 (21%) 9 (16%) 17 (30%) 4 (8%) 11 (22%) 41 (19%)

Local treatment for HCC§ 8 (35%) 6 (60%) 10 (67%) 24 (50%) 24 (43%) 28 (49%) 25 (50%) 40 (78%) 117 (55%)

Systemic therapy 19 (83%) 6 (60%) 15 (100%) 40 (83%) 23 (41%) 57 (100%) 32 (64%) 47 (92%) 159 (74%)

  Sorafenib¶ 17 (74%) 5 (50%) 15 (100%) 37 (77%) 15 (27%) 57 (100%) 30 (60%) 43 (84%) 145 (68%)

Data are median (IQR) or n (%). HCV=hepatitis C virus. HBV=hepatitis B virus. HCC=hepatocellular carcinoma. ECOG=Eastern Cooperative Oncology Group. *All patients had a baseline ECOG performance status 
of 0 or 1. †Baseline α-fetoprotein levels were not available for ten patients; dose escalation (n=1), dose expansion (n=9). ‡Internal or external, and could include radioembolisation. §Includes transcatheter arterial 
chemoembolisation and transcatheter embolisation. ¶Reasons for previous treatment failure with sorafenib therapy included disease progression (165 [63%] of 262) and sorafenib intolerance (13 [5%] of 262); 
four (2%) of 262 patients experienced sorafenib treatment failure due to other reasons.

Table 1: Patient demographics, baseline characteristics, and previous treatment

－429－



Articles

2496 www.thelancet.com   Vol 389   June 24, 2017

Results
The cutoff date for this analysis was Aug 8, 2016. Between 
Nov 26, 2012, and Aug 8, 2016, 262 patients with advanced 
hepatocellular carcinoma with or without HCV or HBV 
infection were treated: 48 patients in the dose-escalation 
phase and 214 in the dose-expansion phase (figure 1). 
Intravenous nivolumab monotherapy doses were 
0·1–10 mg/kg every 2 weeks in the dose-escalation phase, 

and cohorts included 23 patients without viral hepatitis, 
ten patients with HCV infection, and 15 patients with 
HBV infection. Across these three cohorts, six patients 
were assigned to nivolumab 0·1 mg/kg, nine patients to 
0·3 mg/kg, ten patients to 1 mg/kg, ten patients to 
3 mg/kg, and 13 patients to 10 mg/kg, every 2 weeks. 
Only patients in the cohort without viral hepatitis were 
assigned to the maximum dose of 10 mg/kg.

Escalation phase Expansion phase

Uninfected 
(n=23)

HCV 
infected 
(n=10)

HBV 
infected 
(n=15)

All 
patients 
(n=48)

Uninfected 
untreated/
intolerant (n=56)

Uninfected 
progressor 
(n=57)

HCV 
infected 
(n=50)

HBV 
infected 
(n=51)

All patients 
(n=214)

Continuing treatment 1 (4%) 1 (10%) 0 2 (4%) 20 (36%) 10 (18%) 14 (28%) 14 (27%) 58 (27%)

Discontinued treatment 22 (96%) 9 (90%) 15 (100%) 46 (96%) 36 (64%) 47 (82%) 36 (72%) 37 (73%) 156 (73%)

Disease progression 18 (78%) 9 (90%) 15 (100%) 42 (88%) 29 (52%) 42 (74%) 24 (48%) 37 (73%) 132 (62%)

Study drug toxicity 1 (4%) 0 0 1 (2%) 4 (7%) 0 4 (8%) 0 8 (4%)

Unrelated adverse 
event

1 (4%) 0 0 1 (2%) 0 4 (7%) 4 (8%) 0 8 (4%)

Patient decision* 0 0 0 0 2 (4%) 1 (2%) 3 (6%) 0 6 (3%)

Complete response 2 (9%) 0 0 2 (4%) 0 0 0 0 0

Other/not reported 0 0 0 0 1 (2%) 0 1 (2%) 0 2 (1%)

Data are n (%). HCV=hepatitis C virus. HBV=hepatitis B virus. *Includes patients who withdrew consent.

Table 2: Patient disposition at data cutoff (Aug 8, 2016)

0·1 mg/kg (n=6) 0·3 mg/kg (n=9) 1 mg/kg (n=10) 3 mg/kg (n=10) 10 mg/kg (n=13) All patients (n=48)

Any grade Grade 3/4 Any grade Grade 3/4 Any grade Grade 3/4 Any grade Grade 3/4 Any grade Grade 3/4 Any grade Grade 3/4

Treatment-related serious AEs 1 (17%)* 1 (17%)* 1 (11%)† 1 (11%)† 0 0 0 0 1 (8%)‡ 0 3 (6%) 2 (4%)

AEs leading to discontinuation 0 0 1 (11%)§ 1 (11%)§ 0 0 1 (10%)¶ 1 (10%)¶ 1 (8%)|| 1 (8%)|| 3 (6%) 3 (6%)

Treatment-related deaths 0 0 0 0 0 0 0 0 0 0 0 0

Patients with a 
treatment-related AE

4 (67%) 2 (33%) 8 (89%) 3 (33%) 8 (80%) 5 (50%) 9 (90%) 2 (20%) 11 (85%) 0 40 (83%) 12 (25%)

Treatment-related AEs**

Rash 1 (17%) 0 2 (22%) 0 2 (20%) 0 2 (20%) 0 4 (31%) 0 11 (23%) 0

Pruritus 2 (33%) 0 3 (33%) 0 0 0 1 (10%) 0 3 (23%) 0 9 (19%) 0

Diarrhoea 0 0 3 (33%) 0 0 0 1 (10%) 0 1 (8%) 0 5 (10%) 0

Decreased appetite 1 (17%) 0 2 (22%) 0 1 (10%) 0 0 0 1 (8%) 0 5 (10%) 0

Fatigue 1 (17%) 1 (17%) 2 (22%) 0 1 (10%) 0 0 0 0 0 4 (8%) 1 (2%)

Asthenia 0 0 1 (11%) 0 0 0 1 (10%) 0 1 (8%) 0 3 (6%) 0

Weight decreased 0 0 1 (11%) 0 0 0 0 0 2 (15%) 0 3 (6%) 0

Nausea 0 0 1 (11%) 0 0 0 1 (10%) 0 1 (8%) 0 3 (6%) 0

Dry mouth 0 0 1 (11%) 0 1 (10%) 0 0 0 1 (8%) 0 3 (6%) 0

Laboratory treatment-related AEs**

AST increase 0 0 2 (22%) 2 (22%) 3 (30%) 2 (20%) 1 (10%) 1 (10%) 4 (31%) 0 10 (21%) 5 (10%)

ALT increase 0 0 2 (22%) 2 (22%) 1 (10%) 0 2 (20%) 1 (10%) 2 (15%) 0 7 (15%) 3 (6%)

Lipase increase 1 (17%) 1 (17%) 1 (11%) 0 4 (40%) 4 (40%) 2 (20%) 1 (10%) 2 (15%) 0 10 (21%) 6 (13%)

Amylase increase 1 (17%) 0 0 0 4 (40%) 1 (10%) 2 (20%) 1 (10%) 2 (15%) 0 9 (19%) 2 (4%)

Anaemia 0 0 1 (11%) 0 1 (10%) 1 (10%) 0 0 2 (15%) 0 4 (8%) 1 (2%)

Hypoalbuminaemia 0 0 1 (11%) 0 1 (10%) 0 0 0 1 (8%) 0 3 (6%) 0

Hyponatraemia 0 0 0 0 2 (20%) 0 0 0 1 (8%) 0 3 (6%) 0

Data are n (%). AE=adverse event. AST=aspartate aminotransferase. ALT=alanine aminotransferase. *Pemphigoid (n=1). †Adrenal insufficiency (n=1). ‡Liver disorder (n=1). §Malignant neoplasm progression 
(n=1). ¶Grade 3 ALT increase (n=1), grade 2 AST increase. ||Grade 3 blood bilirubin increase (n=1). **Treatment-related AEs reported in ≥5% of all patients, any grade.

Table 3: Safety and tolerability of nivolumab in the dose-escalation phase
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Patient demographics, baseline disease characteristics, 
and previous treatments are presented in table 1. In the 
dose-escalation phase, the overall median age was 62 years 
(IQR 55–69; table 1). Patients were heavily pretreated and 
37 (77%) of 48 patients had previously been treated with 
sorafenib. Extrahepatic metastases were present in 
34 (71%) patients and vascular invasion was present in 19 
(40%) patients; all patients were reported as Child-Pugh 
class A with Child-Pugh scores of 5 or 6 at baseline.

In the dose-escalation phase, 46 (96%) of 48 patients 
discontinued treatment; 42 (88%) discontinued due to 
disease progression (table 2). Two patients (4%; both 
without viral hepatitis) discontinued after achieving a 
complete response (per study protocol) and entered the 
follow-up period. Other reasons for discontinuation 
included  study drug-related toxicity in one patient and 
adverse events unrelated to treatment in another patient. 
After discontinuation of nivolumab, 23 (48%) patients 
were treated with a subsequent therapy (appendix). At 
the time of data cutoff, two of the 48 patients in the dose-
escalation phase were continuing treatment with 
nivolumab.

One dose-limiting toxicity (grade 2 hepatic impairment) 
was reported in a patient in the cohort without viral 
hepatitis who received 10 mg/kg, which resolved within 
7 days. A maximum tolerated dose was not reached. 
Grade 3/4 treatment-related adverse events occurred in 
12 (25%) of 48 patients (table 3). Treatment-related adverse 
events that occurred in more than 10% of patients were 
rash in 11 (23%) patients, aspartate aminotransferase 
(AST) increase in ten (21%) patients, alanine 
aminotransferase (ALT) increase in seven (15%) patients, 
lipase increase in ten (21%) patients, amylase increase in 
nine (19%) patients, and pruritus in nine (19%) patients. 
Treatment-related serious adverse events were reported in 
three (6%) patients (pemphigoid [n=1], adrenal 
insufficiency [n=1], liver disorder [n=1]). Grade 3/4 select 
adverse events, those with a potential inflammatory 
mechanism requiring more frequent monitoring, were 
adrenal insufficiency (n=1), diarrhoea (n=1), hepatitis 
(n=2), infusion hypersensitivity (n=1), and acute kidney 
injury (n=1; appendix). One patient without viral hepatitis 
who received nivolumab 3 mg/kg discontinued due to 
treatment-related ALT and AST increases without 
concomitant changes in liver function. 30 (63%) of 
48 patients in the dose-escalation phase died, and no 
deaths were determined to be related to nivolumab therapy.

The overall objective response rate was 15% (95% CI 
6–28; appendix) in the dose-escalation phase, including 
three complete responses and four partial responses. 
Responses occurred early in treatment; of the 
seven patients who achieved an objective response, five 
responded within 3 months of treatment initiation 
(figure 2). The disease control rate was 58% (95% CI 43–72) 
and the median time to progression was 3·4 months 
(95% CI 1·6–6·9). The median duration of response was 
17 months (95% CI 6–24) and the 6-month and 9-month 

overall survival rates were both 66% (95% CI 51–78). 
Median overall survival for patients in the dose-escalation 
phase was 15·0 months (95% CI 9·6–20·2).

On the basis of the results from the dose-escalation 
phase and from studies of nivolumab in other tumour 
types,18 a dose of 3 mg/kg was selected for the 
dose-expansion phase. 214 patients with advanced 
hepatocellular carcinoma were treated in the dose-
expansion phase in four cohorts: 56 patients were not 
infected with HCV or HBV and had not been treated 
with sorafenib previously or were intolerant, 57 had 
disease progression on sorafenib, 50 patients were 
infected with HCV, and 51 were infected with HBV 
(figure 1). Patients enrolled in the dose-expansion phase 
had comparable demographics and baseline disease 
characteristics to those in the dose-escalation phase 
(table 1). 145 (68%) of 214 patients had previously been 
treated with sorafenib.

As of Aug 8, 2016, 58 (27%) of 214 patients enrolled in 
the dose-expansion phase were continuing treatment. 
Disease progression was the most common reason for 
discontinuation, occurring in 132 (62%) of 214 patients. 
Eight patients (4%) discontinued after experiencing study 
drug toxicity (table 2).
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Figure 2: Time to response and duration of response
Duration of response (months) to nivolumab for the 49 patients who achieved a complete or partial response in 
the dose-escalation or dose-expansion phases. HCV=hepatitis C virus. HBV=hepatitis B virus.

－431－



Articles

2498 www.thelancet.com   Vol 389   June 24, 2017

An objective response was observed in 42 patients (20%; 
95% CI 15–26) who received nivolumab 3 mg/kg every 
2 weeks in the dose-expansion phase (table 4). Objective 
responses included three complete responses and 
39 partial responses. Stable disease was observed in 
96 (45%) patients, and thus disease control was observed 
in 138 patients (64%). Among the 202 patients who were 
evaluable and had at least one post-baseline target lesion 
assessment, substantial reductions in tumour burden 
were observed in all cohorts (figure 3). Best reductions 
from baseline in tumour burden are shown in figure 4. 
Most of the objective responses occurred before 3 months 
(29 of 42; 69%), similar to the time-to-response profile 
observed in the dose-escalation phase (figure 2). 28 (67%) 
of the 42 patients with a response had ongoing responses 
at the time of data cutoff. The median duration of response 
was 9·9 months (95% CI 8·3 to not estimable [NE]). Most 
disease stabilisations lasted at least 6 months, as reported 
in 79 of 138 patients (57%) with disease control. In the 
dose-expansion phase, the median time to progression 
was 4·1 months (95% CI 3·7–5·5). The 6-month overall 
survival rate was 83% (95% CI 78–88) and the 9-month 
overall survival rate was 74% (95% CI 67–79) with 
nivolumab 3 mg/kg in patients in the dose-expansion 
phase (table 4). The 6-month progression-free survival rate 
was 37% (95% CI 30–43) and the 9-month progression-free 
survival rate was 28% (95% CI 22–35).

Objective responses occurred in 13 (23%) of 56 patients 
without viral hepatitis who had not previously been treated 
with sorafenib or were intolerant and 12 (21%) of 

57 sorafenib progressors without viral hepatitis (table 4); 
15 responses were ongoing. The three complete responses 
in the dose-expansion phase occurred in two patients 
without viral hepatitis who had progression on sorafenib 
therapy and one patient with HBV infection (who had 
previously been treated with sorafenib). Disease control 
was seen in 42 (75%) of 56 patients without viral hepatitis 
who had not previously been treated with sorafenib or 
were intolerant and 35 (61%) of 57 patients in the sorafenib 
progressor cohort without viral hepatitis. 6-month overall 
survival in patients without viral hepatitis who had not 
previously been treated with sorafenib or were intolerant 
was 89% (95% CI 77 to 95; 48 at risk) and 75% (95% CI 
62 to 85; 43 at risk) in the sorafenib progressor cohort  
without viral hepatitis (table 4). Median overall survival in 
the sorafenib progressor without viral hepatitis cohort was 
13·2 months (95% CI 8·6 to NE); medians were not 
reached in the other dose-expansion cohorts.

Objective response rates were ten (20%) of 50 patients 
infected with HCV and seven (14%) of 51 patients infected 
with HBV (table 4); 13 responses were ongoing. Disease 
control was achieved in 33 (66%) patients infected with 
HCV and 28 (55%) patients infected with HBV. 6-month 
overall survival was 85% (95% CI 72–93) in the cohort with 
HCV infection (38 at risk) and 84% (95% CI 71–92) in the 
cohort with HBV infection (43 at risk). Nivolumab exhibited 
limited antiviral activity. The kinetics of HCV RNA levels 
over time were assessed in patients infected with HCV with 
advanced hepatocellular carcinoma, and no patient 
achieved a sustained virological response for more than 

Uninfected untreated/
intolerant (n=56)

Uninfected progressor 
(n=57)

HCV infected (n=50) HBV infected (n=51) All patients (n=214)

Objective response* 13 (23%; 13 to 36) 12 (21%; 11 to 34) 10 (20%; 10 to 34) 7 (14%; 6 to 26) 42 (20%; 15 to 26)

Complete response 0 2 (4%) 0 1 (2%) 3 (1%)

Partial response 13 (23%) 10 (18%) 10 (20%) 6 (12%) 39 (18%)

Stable disease 29 (52%) 23 (40%) 23 (46%) 21 (41%) 96 (45%)

Progressive disease 13 (23%) 18 (32%) 14 (28%) 23 (45%) 68 (32%)

Not evaluable 1 (2%) 4 (7%) 3 (6%) 0 8 (4%)

Duration of response*

KM median 8·4 (8·3 to NE) NR 9·9 (4·5 to 9·9) NR 9·9 (8·3 to NE)

Ongoing, n/N (%) 8/13 (62%) 7/12 (58%) 8/10 (80%) 5/7 (71%) 28/42 (67%)

Disease control* 42 (75%; 62 to 86) 35 (61%; 48 to 74) 33 (66%; 51 to 79) 28 (55%; 40 to 69) 138 (64%; 58 to 71)

Disease control with 
stable disease for  
≥6 months

22 (39%; 27 to 53) 22 (39%; 26 to 52) 17 (34; 21 to 49) 18 (35%; 22 to 50) 79 (37%; 30 to 44)

Overall survival

6 months 89% (77 to 95) 75% (62 to 85) 85% (72 to 93) 84% (71 to 92) 83% (78 to 88)

9 months 82% (68 to 90) 63% (49 to 74) 81% (66 to 90) 70% (55 to 81) 74% (67 to 79)

KM median NR 13·2 (8·6 to NE) NR NR NR

Progression-free survival*

KM median 5·4 (3·9 to 8·5) 4·0 (2·6 to 6·7) 4·0 (2·6 to 5·7) 4·0 (1·3 to 4·1) 4·0 (2·9 to 5·4)

Unless otherwise indicated, data are n (%; 95% CI); n (%); months (95% CI); or % (95% CI). HCV=hepatitis C virus. HBV=hepatitis B virus. KM=Kaplan-Meier estimate. NR=not 
reached. NE=not estimable. RECIST=Response Evaluation Criteria In Solid Tumors. *Determined by investigator assessment using RECIST version 1.1.

Table 4: Nivolumab efficacy in the dose-expansion phase
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24 weeks. Some patients infected with HCV had transient 
reductions in HCV RNA. No patients had reactivation of 
HBV, and no instances of anti-HBs seroconversion were 
noted among patients infected with HBV.

In the dose-expansion phase, the objective response rate 
was analysed using mRECIST by blinded independent 
central review in the 145 patients who had previously been 
treated with sorafenib (irrespective of hepatocellular 
carcinoma aetiology); under these criteria the objective 
response rate was 27 (19%) of 145 patients, including 
five patients with a complete response (appendix).

The overall safety profile of nivolumab in patients in 
the dose-expansion phase was comparable to that 
observed in the dose-escalation phase. Grade 3/4 
treatment-related adverse events were seen in 40 (19%) 
patients and grade 3/4 treatment-related serious adverse 
events were seen in nine (4%) patients (appendix). 
Symptomatic treatment-related adverse events were 
comparable in patients with and without HCV or HBV 
infection. Adverse events led to discontinuation in 
24 patients, and there were no treatment-related deaths.

As a secondary endpoint, PD-L1 expression levels were 
retrospectively assessed as a potential biomarker for 
nivolumab therapy in the 174 (81%) of 214 patients with 
available data in the dose-expansion phase. Membrane 
expression of PD-L1 on at least 1% of tumour cells was 
observed in 34 (20%) of 174 patients at baseline; 140 (80%) 
patients had PD-L1 expression on less than 1% of tumour 
cells (table 5). Objective responses were observed in 
nine (26%) of 34 patients with PD-L1 expression on at 
least 1% of tumour cells (95% CI 13–44) and in 26 (19%) 
of 140 patients with PD-L1 on less than 1% of tumour 
cells (95% CI 13–26).

Among patients in the dose-expansion phase who were 
on treatment at the data cutoff, the EQ-5D-3L completion 
rate exceeded 90% at each timepoint through week 25. 
EQ-5D-3L index scores were stable while on treatment 
with no significant changes from baseline (mean 0·856, 
95% CI 0·827 to 0·884) to week 25 (0·829, 0·786 to 0·872); 
mean change from baseline was –0.015 (–0·051 to 0·021). 
EQ-5D-VAS scores were also stable, with no significant 
changes from baseline (mean 73·0, 95% CI 69·0 to 77·1) 
to week 25 (75·4, 70·0 to 80·9); mean change from 
baseline was 3·2 (–1·2 to 7·5). Comparable results were 
observed in patients who had previously been treated 
with sorafenib. For this patient subpopulation, EQ-5D-3L 
scores were not appreciably changed from baseline 
(mean 0·853, 95% CI 0·816 to 0·889) through week 25 
(0·825, 0·773 to 0·877); mean change from baseline was 
–0.014 (–0·058 to 0·030). Similarly, EQ-5D-VAS scores 
were stable from baseline (mean 73·9, 95% CI 69·2–78·6) 
through week 25 (75·8, 69·3–82·4); mean change from 
baseline was 3·1 (–1·3 to 7·6).
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Figure 3: Percentage change in tumour burden
Percentage change in tumour lesion size from baseline over time  in the 

dose-expansion phase (n=202). HCV=hepatitis C virus. HBV=hepatitis B virus.
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Discussion
Previous studies6,7,19 in advanced hepatocellular carcinoma 
of first-line sorafenib have shown response rates of 2–3% 
and second-line regorafenib has shown a response rate of 
7%. In this phase 1/2 study, treatment with nivolumab 
resulted in substantial tumour reductions and objective 

response rates of 15–20% irrespective of line of therapy in 
patients with advanced hepatocellular carcinoma. Notably, 
the disease control rate was 58% in the dose-escalation 
phase and 64% in the dose-expansion phase, which could 
have positively affected overall survival. Baseline tumour 
cell PD-L1 status did not have an apparent effect on 
response rates. Median duration of response in both 
phases of the study (as high as 17 months in the dose-
escalation phase) suggests that in the treatment of 
patients with advanced hepatocellular carcinoma, 
nivolumab might offer durable responses when other 
existing therapies have not.6,19 Median overall survival 
relative to sorafenib was encouraging in a population 
enriched in patients with metastatic disease and with 
previous treatment with sorafenib.20,21

In the dose-escalation phase, the safety profile of 
nivolumab in patients with hepatocellular carcinoma was 
consistent with that observed in other tumour types.9,10,22–25 
To our knowledge, all previous studies of PD-1 inhibitors 
have excluded patients with chronic viral hepatitis. 
Hepatic safety events in virally infected patients with 
hepatocellular carcinoma treated with a CTLA-4 
checkpoint inhibitor have been reported.26 Therefore, we 
evaluated viral aetiologies in separate cohorts in this 
study to identify any unique safety signals. We noted no 
new nivolumab safety signals. Safety findings from the 
dose-escalation phase were consistent with those in a 
larger group of patients from the dose-expansion phase.

The comparable objective response results in patients 
who had not previously been treated with sorafenib or were 
intolerant and in patients with disease progression on 
sorafenib suggest that nivolumab efficacy is not affected by 
previous sorafenib treatment status. In addition to 
potentially supporting nivolumab as a viable second-line 
therapy for patients with disease progression on 
multikinase inhibitors (as shown with a median overall 
survival of more than 13 months in patients without viral 
hepatitis with previous progression on sorafenib), the 
objective response rate of 23% and 9-month overall survival 
of 82% in untreated patients supports the investigation of 
nivolumab as a first-line therapy for patients with advanced 
hepatocellular carcinoma. This study was not powered for 
statistical comparisons between patients who were infected 
with HCV or HBV, or who did not have viral hepatitis; 
however, responses were observed irrespective of 
hepatocellular carcinoma aetiology. Treatment with 
nivolumab was associated with stable patient-reported 
outcomes, including indicators of health status and quality 
of life, irrespective of previous treatment with sorafenib.

A limitation of this study is the lack of randomised 
control arms. A subsequent randomised cohort-expansion 
phase of CheckMate 040 is evaluating nivolumab 
compared with sorafenib in the first-line setting. 
Although objective responses occurred in this study 
regardless of PD-L1 expression on tumour cells (using 
1% of tumour cells expressing PD-L1 as a cutoff), future 
studies will need to evaluate the expression of PD-1 and 

Escalation phase 
(n=44)*

Expansion phase 
(n=174)*

PD-L1 ≥1%† 11 (25%) 34 (20%)

Objective response 3/11 (27%; 6–61) 9/34 (26%; 13–44)

  Complete response 1 (9%) 1 (3%)

  Partial response 2 (18%) 8 (24%)

  Stable disease 0 16 (47%)

  Progressive disease 7 (64%) 9 (26%)

  Not determined 1 (9%) 0

PD-L1 <1%† 33 (75%) 140 (80%)

Objective response 4/33 (12%; 3–28) 26/140 (19%; 13–26)

  Complete response 2 (6%) 2 (1%)

  Partial response 2 (6%) 24 (17%)

  Stable disease 19 (58%) 62 (44%)

  Progressive disease 8 (24%) 46 (33%)

  Not determined 2 (6%) 6 (4%)

Data are n (%); n/N (%; 95% CI). PD-L1=programmed death-ligand 1. 
*Four patients in the dose-escalation phase and 40 patients in the 
dose-expansion phase did not have tumour PD-L1 expression data available. 
†PD-L1 membrane expression on tumour cells.

Table 5: PD-L1 expression on tumour cells and response
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Figure 4: Best percentage change in tumour burden
Best percentage change in tumour lesion size from baseline over time  in the dose-expansion phase (n=202). Red 
dash indicates a 30% reduction. HCV=hepatitis C virus. HBV=hepatitis B virus.
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Abstract. Akt2 is an isoform of Akt, and an association 
between Akt2 and resistance to epidermal growth factor 
receptor (EGFR) tyrosine kinase inhibitors (TKIs) has been 
suggested in pancreatic cancer (PC) in vitro. In this study, we 
investigated the association between Akt2 expression as evalu-
ated using immunohistochemistry and the outcome of patients 
with advanced PC who had received treatment with erlotinib 
(an EGFR-TKI). Although the difference was not significant, 
patients with high levels of Akt2 expression tended to have a 
poorer response and a shorter progression-free survival period 
after treatment with erlotinib plus gemcitabine than those with 
low expression levels (P=0.16 and 0.19, respectively). In vitro, 
an Akt2-amplified PC cell line and Akt2-overexpressed cell 
lines exhibited resistance to anti-EGFR therapies, including 
erlotinib, but combined treatment with BYL719 (a PI3K 
inhibitor) cancelled this resistance. Our findings suggest that 
Akt2 might be associated with the resistance to anti-EGFR 

therapies, especially the use of erlotinib against PC, and that 
this resistance can be overcome by combined treatment with 
a PI3K inhibitor. Akt2 expression could become a predictive 
biomarker for erlotinib resistance in PC.

Introduction

Pancreatic cancer (PC) remains a deadly disease. Gemcitabine 
has been considered as the standard therapy for patients with 
unresectable or metastatic disease for over a decade (1,2). 
Recently, overall survival (OS) has been significantly prolonged 
using combination therapies, such as gemcitabine plus erlo-
tinib, a combination of oxaliplatin, irinotecan, fluorouracil 
and leucovorin (FOLIFRINOX), a combination of nab-
paclitaxel and gemcitabine, or a combination of nanoliposomal 
irinotecan, fluorouracil and leucovorin (NAPOLI-1) (3-6). 
However, despite such recent progress, the OS rate of PC 
patients is still <5% (1,2). Erlotinib, an epidermal growth 
factor receptor (EGFR) tyrosine kinase inhibitor (TKI), was 
the first drug approved for the treatment of PC after showing 
a survival benefit when combined with gemcitabine over 
traditional gemcitabine alone (3). Although PC has been well 
characterized at the genetic level, the molecular mechanisms 
linking genetic changes to the aggressive nature of this disease 
remain unclear (7). Multiple genetic alterations, such as K-ras 
mutation or the loss of p53 and SMAD4, are thought to influ-
ence the progression of PC (8). Nevertheless, to date, the 
inhibition of EGFR by erlotinib is the only targeted approach 
to demonstrate a survival benefit.

The PI3K/Akt/mTOR pathway, which is located down-
stream of the EGFR pathway and regulates cell survival and 
apoptosis, is frequently upregulated or altered in many cancers, 
and components of the PI3K/Akt/mTOR pathway can also be 
targeted in the treatment of many cancers (9). Among them, the 
inhibition of mTOR with rapalogs has initially shown a clinical 
efficacy in some solid tumors (10). More recently, many agents 
in clinical development have been designed to inhibit other 
components of this pathway, including Akt, PI3K and PTEN. 

Clinical significance of Akt2 in advanced 
pancreatic cancer treated with erlotinib
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Akt, the major downstream component of the PI3K/Akt/mTOR 
pathway, is a serine/threonine kinase that plays a critical role 
in regulating diverse cellular function including cell gowth, 
proliferation, survival, glucose metabolism, genome stability, 
transcription and protein synthesis, and neurovasculariza-
tion (9). The Akt family has three isoforms: Akt1, Akt2 and 
Akt3. These isoforms are structually homologous but exhibit 
distinct features. Akt1 and Akt2 are ubiquitously expressed, 
whereas Akt3 is found predominantly in the brain, heart and 
kidneys (11). The Akt isoforms are known to carry specific 
genetic alterations in different tumor types. Akt1 amplification 
has been detected in gastric adenocarcinoma, and the selective 
activation of Akt3 in combination with a loss of PTEN has 
been found in sporadic melanoma (12). In contrast, amplifica-
tion or high levels of expression of Akt2 are frequently found 
in human pancreatic, lung, colorectal, ovarian, and breast 
cancers (12-19), and high Akt2 expression levels are positively 
correlated with the aggressiveness of cancer or poor survival 
rates in colorectal, ovarian, and breast cancers (16-19). In PC, 
the activation of the PI3K/Akt/mTOR pathway is a biological 
indicator of aggressiveness (20), and a recent report has shown 
that EGFR-TKI resistance in PC is associated with the upregu-
lation of the PI3K/Akt/mTOR pathway in vitro (21). Thus, 
high Akt2 expression levels have been hypothesized to induce 
resistance to the EGFR-TKI, erlotinib, in patients with PC. In 
this study, we investigated the association between the Akt2 
expression level and the outcome of patients with advanced PC 
who had received erlotinib treatment as well as the contribu-
tion of Akt2 to resistance to anti-EGFR therapies in vitro.

Materials and methods

Patients and clinical specimens. Twenty-six patients with 
advanced PC that received Tarceva® (erlotinib) treatment in 
combination with gemcitabine at Kindai University Hospital 
between 2010 and 2014 were included. Among them, 22 patients 
who had been diagnosed based on the results of endoscopic 
ultrasonography-guided fine needle aspiration (EUS-FNA) 
participated in this study. Progression-free survival (PFS) was 
defined as the time from the initiation of erlotinib treatment 
until the first observation of disease progression or death from 
any cause, while OS was defined as the time from the initiation 
of erlotinib treatment until death from any cause. The stage of 
disease was classified according to the clinical TNM staging 
system. Tumor response was evaluated using computed tomog-
raphy (CT) according to the Response Evaluation Criteria in 
Solid Tumors. This study was performed retrospectively and 
was approved by the ethics committee of the Kindai University 
Faculty of Medicine.

Immunohistochemistry. The immunohistochemical method 
used in this study has been previously described (22). Briefly, 
4-µm tissue sections from formalin-fixed, paraffin-embedded 
blocks were sectioned and placed onto charged slides. The 
slides were then deparaffinized and hydrated; endogenous 
peroxidase activity was blocked using 3% H2O2 in methanol 
and normal goat serum. The slides were incubated in a rabbit 
polyclonal antibody specific for Akt2 (1:200; Proteintech 
Chicago, IL, USA) overnight at 4˚C. Immunohistochemical 
staining was performed using the rabbit Vectastain Elite 

ABC kit (Vector Laboratories, Burlingame, CA, USA), and 
the slides were developed in diaminobenzidine (dAB kit, 
Thermo Fisher Scientific, Waltham, MA, USA) according to 
the manufacturer's protocols, then counterstained with hema-
toxylin. The staining assessment was performed using ImageJ 
software (http://imagej.nih.gov/ij/).

Cell culture and reagents. The HCC827, PC-9, Ma-1, and 
H358 cell lines [human non-small cell lung cancer (NSCLC) 
cell lines] and the BxPC-3 and PANC-1 cell lines (human 
PC cell lines) were maintained in RPMI-1640 medium 
(Sigma-Aldrich, St. Louis, MO, USA) with 10% fetal bovine 
serum (FBS; Sigma-Aldrich). The CCK81 cell line [a human 
colorectal cancer (CRC) cell line] and the gpIRES-293 cell line 
were maintained in dMEM medium (Nissui Pharmaceutical, 
Tokyo, Japan) with 10% FBS. All the cells were maintained 
in a 5% CO2-humidified atmosphere at 37˚C. Erlotinib and 
BYL719 were purchased from Selleck Chemicals (Houston, 
TX, USA).

Copy number assay. The Akt2 copy number was determined 
using a commercially available and predesigned TaqMan Copy 
Number assay (Applied Biosystems, Foster City, CA, USA), as 
described previously (23). Genomic dNA was extracted from 
each of the cell lines using the QIAamp dNA Mini kit (Qiagen, 
Hilden, Germany), according to the manufacturer's instruc-
tions. The primer Id used for Akt2 was Hs04028824_cn. The 
TERT locus was used for the internal reference copy number. 
Human genomic dNA (Takara, Shiga, Japan) was used as 
a normal control. A PCR analysis was performed using the 
ABI PRISM 7900HT Sequence detection system (Applied 
Biosystems), and the results were analyzed using CopyCaller 
software version 2.0 (Applied Biosystems). The experiment 
was performed in triplicate.

Real-time reverse-transcription PCR (RT-PCR). A total of 
1 µg of RNA was isolated from the cells using Isogen reagent 
(Nippon Gene, Tokyo, Japan) and then converted to cdNA 
using the Gene Amp RNA-PCR kit (Applied Biosystems). 
Real-time PCR was performed using SYBR Premix Ex Taq 
and Thermal Cycler dice (Takara) under the following condi-
tions: 95˚C for 5 min, followed by 50 cycles of 95˚C for 10 sec 
and 60˚C for 30 sec, as described previously (23). GAPDH was 
used to normalize the expression levels in the subsequent 
quantitative analyses. The experiment was performed in tripli-
cate. The primers used for this study were as follows: Akt2 F, 
CCGCCTGTGCTTTGTGATGG; R, TTTCCAGCTTGATG 
TCGCGG. GAPDH F, GCACCGTCAAGGCTGAGAAC; and 
R, ATGGTGGTGAAGACGCCAGT.

In vitro growth inhibition assay. The growth-inhibitory 
effects of the drugs were examined using a 3-(4, 5-di-methyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide assay (MTT; 
Sigma-Aldrich), as described previously (23). The experiment 
was performed in triplicate.

Plasmid construction, viral production, and stable transfec-
tants. The methods used in this section have been previously 
described (24). Complementary dNA (cdNA) encoding 
human full length Akt2 was prepared by PCR using Prime 
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STAR HS dNA polymerase (Takara) and the following 
primers: forward, 5'-GGGAATTCGCCGCCATGAATGAGG 
TGTCTGTCATCAAAG-3'; reverse, 5'-CCCTCGAGGCCCA 
GTCACTCGCGGATGCTGGC-3'. The full length Akt2 was 
subcloned into a pCR-Blunt II-TOPO cloning vector (Invitrogen, 
Carlsbad, CA, USA) as EcoRI-XhoI fragments. Akt2 in the 
TOPO cloning vector was cut out and transferred to a pQCLIN 
retroviral vector (Clontech Laboratories, Inc., Palo Alto, 
CA, USA) together with the enhanced green fluorescent 
protein (EGFP) following the internal ribosome entry site 
sequence (IRES) to monitor the expression of the inserts indi-
rectly. The nucleotide sequence of the construct was verified 
by dNA sequence analysis. A pVSV-G vector (Clontech) for 
the constitution of the envelope and the pQCLIN-IG constructs 
were cotransfected into gpIRES-293 cells using FuGENE6 
transfection reagent (Roche diagnostics, Basel, Switzerland). 
After 48 h of transfection, the culture medium was collected 
and viral particles were concentrated by centrifugation at 
15,000 x g for 3 h at 4˚C. The viral pellet was suspended in 
fresh dMEM medium. The titer of the viral vector was calcu-
lated using the EGFP-positive cells that were infected by the 
serial dilution of virus-containing media, and the multiplicity 
of infection was determined. The vectors and the stable viral 
transfectant BxPC-3, Ma-1, and CCK81 cell lines were desig-
nated as pQCLIN-EGFP, pQLCIN-Akt2, BxPC-3/EGFP, 
BxPC-3/Akt2, Ma-1/EGFP, Ma-1/Akt2, CCK81/EGFP, and 
CCK81/Akt2, respectively.

Western blot analysis. The western blot analysis was 
performed as described previously (24). Subconfluent cells 
were washed with cold phosphate-buffered saline (PBS) and 
lysed using lysis A buffer containing 1% Triton X-100, 20 mM 
Tris-HCl (pH 7.0), 5 mM EdTA, 50 mM sodium chloride, 
50 mM pyrophosphate, 50 mM sodium fluoride, 1 mM sodium 
orthovanadate, and a protease inhibitor mix, Complete™ 
(Roche diagnostics). Whole-cell lysates were separated 
using SdS-PAGE and were blotted onto a polyvinylidene 
fluoride membrane. The membrane was blocked for 1 h with 
5% skim milk in a TBS buffer (pH 8.0) with 0.1% Tween-20. 
The membrane was then washed 3 times with TBS and 
incubated overnight with the primary antibody at 4˚C. After 
washing 3 times with TBS, the membrane was incubated 
with a horseradish peroxidase-conjugated secondary anti-
body for 1 h at room temperature. The membrane was then 
washed, followed by visualization using an ECL detection 
system and LAS-4000 (GE Healthcare, Buckinghamshire, 
UK). Rabbit antibodies specific for EGFR, phospho-EGFR, 
Akt, phospho-Akt, caspase-3, cleaved caspase-3, and β-actin 
were obtained from Cell Signaling (Beverly, MA, USA). To 
evaluate the influence of the drugs on phosphorylation and an 
apoptosis-related molecule, the cells were stimulated for 1-3 
and 24 h, respectively.

Database analysis. To analyze the prevalence of Akt2 ampli-
fication and high expression levels, the cBioPortal for Cancer 

Figure 1. Akt2 expression and outcome of patients with advanced pancreatic cancer (PC) treated with erlotinib. (A) Hematoxylin and eosin (H&E) staining 
and immunohistochemical (IHC) staining for Akt2 in patients with advanced PC. Deparaffinized sections from endoscopic biopsied tumors were analyzed 
using H&E and IHC staining. The staining intensity was determined by the relative mean grey value (mean grey value/maximum grey value) using ImageJ 
software, and the patients were divided into two groups: a low intensity group (relative mean grey value <70%) and a high intensity group (relative mean grey 
value ≥70%). Scale bar, 50 µm. (B) Kaplan-Meier curve of progression-free survival (PFS). Patients with a high Akt2 intensity tended to have a shorter PFS 
than those with a low intensity (median PFS; 92 vs. 113 days, P=0.19). (C) Kaplan-Meier curve of overall survival (OS). Patients with a high Akt2 intensity 
tended to have a shorter OS than those with a low intensity (median OS; 224 vs. 295 days, P=0.59).

－439－



BANNO et al:  Akt2 EXPRESSION IN AdVANCEd PANCREATIC CANCER TREATEd WITH ERLOTINIB2052

Genomics database (http://www.cbioportal.org/public-portal/) 
was searched (25,26). Within the database, The Cancer 
Genome Atlas (TCGA) datasets (http://cancergenome.nih.gov/) 
of several cancers are analyzed.

Statistical analysis. Continuous variables were analyzed using 
Student's t-test, and the results were expressed as the average 
and standard deviations (Sd). The univariate relationship 
between each independent variable was examined using the 
Fisher's exact test. The statistical analyses were two-tailed and 
were performed using Microsoft Excel (Microsoft, Redmond, 
WA, USA) and JMP Pro 11 (SAS Institute, Cary, NC, USA). 
P<0.05 was considered statistically significant.

Results

Akt2 expression and patient characteristics. A total of 22 patients 
with advanced PC and a good performance status (0-1) who had 
been diagnosed based on the results of EUS-FNA were enrolled 
in this study. The patients with PC ranged in age from 17 to 
70 years, with a median age of 61 years, and the male: female 
ratio was 12:10. To evaluate the relationship between Akt2 
expression and prognosis, an immunohistochemical analysis 
was performed using biopsy specimens from these patients 
(Fig. 1A). Three of the 22 specimens could not be evaluated 
properly using immunohistochemistry for Akt2 because of 
the poor conditions of the samples and were excluded from 
additional analyses. The staining intensity was determined as 
the relative mean grey value (mean grey value/maximum grey 
value) using ImageJ software, and the patients were divided 
into two groups: a low intensity group (relative mean grey 
value <70%, n=8) and a high intensity group (relative mean 
grey value ≥70%, n=11). No significant differences in the 
patient characteristics were observed between the two groups, 
but patients with a high Akt2 intensity tended to have a poorer 
response to erlotinib plus gemcitabine (0/11 vs. 2/8, P=0.16) 
(Table I). Though the difference was not significant, patients 
with a high Akt2 intensity also tended to have a shorter PFS 
(median PFS: 92 vs. 113 days, P=0.19) (Fig. 1B) and OS 
after the initiation of erlotinib plus gemcitabine (median OS: 
224 days vs. 295 days, P=0.59) (Fig. 1C). These results suggest 
that Akt2 might be associated with erlotinib resistance in 
advanced PC.

Akt2 copy number, Akt2 gene expression, and Akt2 protein 
expression in diverse cancer cell lines. To investigate the 
relationship with Akt2 expression and the response to 
anti-EGFR therapies, we evaluated the Akt2 gene copy 
numbers, Akt2 gene expression, and Akt2 protein expression 
in several cancer cell lines for which anti-EGFR therapies are 
commonly used. Seven diverse cancer cell lines (four NSCLC 
cell lines, one CRC cell line, and two PC lines) were used 
because the PANC-1 cell line has been reported to exhibit 
Akt2 amplification and the other cell lines are sensitive to 
anti-EGFR therapies. The Akt2 gene copy number, Akt2 gene 
expression, and Akt2 protein expression for these cell lines 
were estimated using a copy number assay, real-time RT-PCR, 
and western blotting, respectively. The PANC-1 cell line had 
high copy numbers of the Akt2 gene (40 copies) and the Akt2 
gene expression level was also markedly elevated, whereas 

the other cell lines had neither a high Akt2 copy number nor 
a high expression level (Fig. 2A and B). Western blot analysis 
also revealed that Akt2 protein was highly expressed in the 
PANC-1 cell line (Fig. 2C).

Combined effect of erlotinib and a PI3K inhibitor in an 
Akt2‑amplified and highly expressed PANC‑1 cell line. To 
investigate the influence of Akt2 on the resistance to anti-EGFR 
therapies, the effect of erlotinib against the PANC-1 cell line 
(an Akt2-amplified and highly expressed cell line) was tested 
using an MTT assay. As is shown in Fig. 3A, the PANC-1 cell 

Table I. Patient characteristics and associations with Akt2 
expression.

 Akt2 intensity
 -------------------------------
Patients characteristics Low High P-valueb

 (n=8) (n=11) 

Age, years   
  <60 4 5 1.0
  ≥60 4 6 

Gender   
  Male 4 7 0.66
  Female 4 4 

T stage   
  T1-3 5 5 0.65
  T4 3 6 

N stage   
  N0 3 7 0.37
  N1-3 5 4 

M stage   
  M0 3 2 0.60
  M1 5 9 

Treatment line of erlotinib
plus gemcitabine   
  First line 4 5 1.0
  Second line or later 4 6 

Response to erlotinib
plus gemcitabine   
 PR 2 0 0.16
 Sd or Pd 6 11 

Median PFS (days)a 113 92 0.19

Median OS (days)a 295 224 0.59

PR, partial response; Sd, stable disease; Pd, progressive disease; 
PFS, progression-free survival; OS, overall survival. aPFS and OS 
were defined as the time from the initiation of erlotinib treatment until 
disease progression or death from any cause and the time from the ini-
tiation of erlotinib treatment until death from any cause, respectively. 
bPFS and OS were analyzed using the log-rank test, and the others 
were analyzed using the Fisher's exact test.
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Figure 2. Akt2 copy number, Akt2 expression, and Akt2 protein expression in diverse cancer cell lines. (A) Akt2 copy number. The copy number for Akt2 was 
determined using a TaqMan Copy Number assay. A copy number gain for Akt2 was observed only in the PANC-1 cell line (40 copies). Columns, mean of 
independent triplicate experiments; error bars, Sd. (B) Akt2 expression. The Akt2 expression level was estimated using real-time RT-PCR. GAPDH was used to 
normalize the expression levels. The Akt2 expression level in the PANC-1 cell line was particularly high compared with those in the other cell lines. Columns, 
mean of independent triplicate experiments; error bars, SD. (C) Akt2 protein expression. Western blotting was performed to confirm Akt expression. Akt2 
protein was highly expressed in the PANC-1 cell line, compared with the other cell lines. β-actin was used as an internal control.

Figure 3. Combined effect of erlotinib and BYL719 in an Akt2-amplified and highly expressed PANC-1 cell line. (A) Growth inhibitory effects of erlotinib in 
diverse cancer cell lines. The cells were exposed to each concentration of erlotinib for 72 h, and the growth inhibitory effects were evaluated using an MTT 
assay. The HCC827, PC-9, and Ma-1 cell lines (non-small cell lung cancer cell lines harboring EGFR mutaions) were hypersensitive to erlotinib. The PANC-1 
cell line was particularly resistant to erlotinib. Lines, mean of independent triplicate experiments. (B) Growth inhibitory effects of erlotinib and/or BYL719 in 
the PANC-1 cell line. The cells were treated with 10 µM of erlotinib and/or 2 µM of BYL719 for 72 h, and the growth inhibitory effects were evaluated using an 
MTT assay. The combined treatment of erlotinib and BYL719 inhibited the cellular growth more intensively, compared with erlotinib monotherapy. Columns, 
mean of independent triplicate experiments; error bars, Sd; *P<0.05; **P<0.01. (C) Phosphorylation of EGFR and Akt in the PANC-1 cell line. The cells were 
treated with 10 µM of erlotinib and/or 2 µM of BYL719, and the samples were collected 1 h after drug stimulation. The phophorylation of Akt persisted in the 
erlotinib monotherapy, while the combined treatment with BYL719 decreased the phosphorylation of Akt. β-actin was used as an internal control. pEGFR, 
phospho-EGFR; pAkt, phopho-Akt. (d) Expression of an apoptosis-related molecule in the PANC-1 cell line. Twenty-four hours after the cells were exposed to 
the drugs (erlotinib, 10 µM; BYL719, 2 µM), the samples were collected. Although erlotinib or BYL719 monotherapy did not increase the expression of cleaved 
caspase-3, the combined treatment increased the expression. β-actin was used as an internal control. c-caspase-3, cleaved caspase-3.
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line was particularly resistant to erlotinib, compared with the 
other cell lines that did not exhibit either amplification or a high 
Akt2 expression level. Next, the combined effect of erlotinib 
and BYL719, a PI3K inhibitor, was examined in the PANC-1 
cell line. The combined treatment of erlotinib and BYL719 
inhibited the cellular growth more intensively than erlotinib 
monotherapy (Fig. 3B). This combined effect in the PANC-1 
cell line has already been reported (21), but we also confirmed 
the efficacy of combination therapy in this study. Whereas the 
phosphorylation of Akt persisted after erlotinib monotherapy, 
the combined treatment decreased the phosphorylation of Akt 
(Fig. 3C). In contrast to erlotinib or BYL719 monotherapy, 

the combined treatment of erlotinib and BYL719 increased 
the expression level of an apoptosis-related molecule, cleaved 
caspase-3 (Fig. 3d).

Akt2 overexpression led to resistance to anti-EGFR therapies. 
To evaluate the contribution of Akt2 to the EGFR-TKI response, 
a stably Akt2-overexpressed PC cell line was created. The 
BxPC-3 cell line was mainly used because this PC cell line is 
intermediately sensitive to erlotinib with no Akt2 amplification 
or high expression (Figs. 2 and 3A). The stably EGFP-expressed 
cell line was used as a control. Akt2-overexpression was 
confirmed using a western blot analysis (Fig. 4A). Then, we 

Figure 4. Influence of Akt2-overexpression on the efficacy of anti-EGFR therapies against PC, colorectal cancer (CRC) or non-small cell lung cancer (NSCLC) 
cell lines. (A) Akt2 protein expression in the BxPC-3 cell lines. To investigate the influence of Akt2, an Akt2-overexpressed cell line was retrovirally created. 
An EGFP-overexpressed cell line was used as a control. The BxPC-3/Akt2 cell line exhibited the overexpression of Akt2 protein. β-actin was used as an 
internal control. (B) Growth inhibitory effects of erlotinib in the BxPC-3 cell lines. The cells were exposed to each concentration of erlotinib for 72 h, and 
the growth inhibitory effects were evaluated using an MTT assay. The sensitivity to erlotinib was weakened in the BxPC-3/Akt2 cell line, compared with the 
control. Lines, mean of independent triplicate experiments. (C) Phosphorylation of EGFR and Akt in the Bx-PC3 cell lines. Three hours after the cells were 
treated with the indicated concentration of drugs, the samples were collected. Erlotinib inhibited the phosphorylation of EGFR and Akt in a dose-dependent 
manner in the BxPC-3/EGFP cell line. In contrast, the phosphorylation of Akt strongly persisted in the BxPC-3/Akt2 cell line regardless of the inhibition of 
the phosphorylation of EGFR. β-actin was used as an internal control. pEGFR, phospho-EGFR; pAkt, phopho-Akt. (d) Expression of an apoptosis-related 
molecule in the BxPC-3 cell lines. Twenty-four hours after the cells were treated with the drug (erlotinib, 2.5 µM), the samples were collected. Erlotinib 
increased the expression of cleaved caspase-3 to a greater extent in the BxPC-3/EGFP cell line but did not increase the expression in the BxPC-3/Akt2 cell line. 
β-actin was used as an internal control. c-caspase-3, cleaved caspase-3. (E) Growth inhibitory effects in NSCLC and CRC cell lines. The Ma-1/Akt2 cell line 
(human NSCLC cell line) and CCK81/Akt2 cell line (human CRC cell line) were resistant to erlotinib and cetuximab, respectively. The cells were exposed to 
each concentration of erlotinib/cetuximab for 72 h, and the growth inhibitory effects were evaluated using an MTT assay. Lines, mean of independent triplicate 
experiments.
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performed a growth inhibition assay using this cell line and 
found that the BxPC-3/Akt2 cell line was resistant to erlotinib 
(Fig. 4B). In contrast, Akt2-overexpression was not associ-
ated with gemcitabine resistance. In western blot analyses, 
erlotinib inhibited the phosphorylation of EGFR and Akt in 
a dose-dependent manner in the control cells. In contrast, the 
phosphorylation of Akt strongly persisted in the BxPC-3/Akt2 
cell line, although erlotinib inhibited the phosphorylation of 
EGFR (Fig. 4C). The erlotinib-induced elevation in the expres-
sion level of cleaved caspase-3 in the BxPC-3/Akt2 cell line 
was lower than that in the control cells (Fig. 4d). Furthermore, 
similar experiments were also performed in other cell lines 
(Ma-1 and CCK81), demonstrating the resistance to anti-EGFR 
therapies in Akt2-overexpressed cell lines (Fig. 4E). These 
results indicate that Akt2 might be related to resistance to 
anti-EGFR therapies.

Combined effect of anti-EGFR therapies and a PI3K inhibitor 
in the Akt2-overexpressed cell lines. To investigate the effect 
of a PI3K inhibitor on the drug resistance induced by Akt2 
overexpression, we performed growth inhibition assays using 
erlotinib/cetuximab and BYL719 in the Akt2-overexpressed 
lines. The combined treatment with erlotinib/cetuximab and 
BYL719 considerably inhibited the cellular growth, compared 
with the monotherapy (Fig. 5A). The IC50 values of erlotinib/
cetuximab were significantly lower in the combination therapy 
than in the monotherapy (Fig. 5B). In the BxPC-3/Akt2 cell 
line, the phosphorylation of Akt was also markedly inhibited 
by the combined treatment with BYL719 compared with 
erlotinib alone (Fig. 5C). Compared with monotherapy, the 
combined treatment with BYL719 increased the expression 
of cleaved caspase-3 to a greater extent (Fig. 5d). These 
results indicate that Akt2 can be associated with resistance to 

Figure 5. Combined effect of anti-EGFR therapy and BYL719 in the Akt2-overexpressed cell lines. (A) Growth inhibitory effects of the combined treatment 
of erlotinib/cetuximab and BYL719 in the Akt2-overexpressed cell lines. Cells were exposed to each concentration of erlotinib/cetuximab with or without 
BYL719 (BxPC-3, 4 µM; CCK81 and Ma-1, 2 µM) for 72 h, and the growth inhibitory effects were evaluated using an MTT assay. The combined treatment with 
erlotinib/cetuximab and BYL719 strongly inhibited the cellular growth compared with erlotinib/cetuximab monotherapy. Lines, mean of independent triplicate 
experiments. (B) IC50 values of erlotinib/cetuximab with or without BYL719 in the Akt2-overexpressed cell lines. The IC50 values of erlotinib/cetuximab were 
significantly lower in the combination therapy than in the monotherapy. (C) Phosphorylation of EGFR and Akt in the BxPC-3/Akt2 cell line. Three hours 
aftter the cells were exposed to the drugs (erlotinib, 5 µM; BYL719, 4 µM), the samples were collected. The phosphorylation of Akt was inhibited to a greater 
degree by the combined treatment than the erlotinib monotherapy. β-actin was used as an internal control. pEGFR, phospho-EGFR; pAkt, phopho-Akt. 
(d) Expression of an apoptosis-related molecule in the BxPC-3/Akt2 cell line. Twenty-four hours after the cells were exposed to the drugs (erlotinib, 5 µM; 
BYL719, 4 µM), the samples were collected. In contrast to erlotinib or BYL719 monotherapy, the combined treatment increased the expression of cleaved 
caspase-3 to a greater extent. β-actin was used as an internal control. c-caspase-3, cleaved caspase-3.
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anti-EGFR therapies via the PI3K-Akt pathway and that such 
resistance can be overcome by a PI3K inhibitor.

Akt2 amplification and high Akt2 expression levels in several 
cancers from TCGA datasets. Next, we analyzed the TCGA 
database to investigate the frequencies of Akt2 amplification 
and high expression levels in several cancers. data for PC, 
lung adenocarcinoma, lung squamous cell carcinoma, CRC, 
and head-and-neck squamous cell carcinoma (HNSCC) were 
analyzed since EGFR-TKIs or anti-EGFR monoclonal anti-
bodies are clinically used for the treatment of these cancers. A 
high Akt2 expression level was defined as a Z-score >2.0 using 
RNA sequencing. Samples with a high Akt2 expression level 
were found at a relative high frequency of 7-14%. In contrast, 
the frequency of Akt2 amplification was not so high, except for 
PC (8%), and Akt2 amplification was correlated with the Akt2 
expression level. Among all the cancers that were examined, 
the frequencies of both Akt2 amplification and a high expres-
sion level were the highest for PC (Table II).

Discussion

In this study, we revealed the possible association between 
high Akt2 expression levels and erlotinib resistance in clinical 
specimens of advanced PC. In addition, in vitro experiments 
also demonstrated this association and the efficacy of combined 
treatment with a PI3K inhibitor for overcoming resistance. 
Although a previous in vitro study demonstrated an associa-
tion between Akt2 and erlotinib resistance (21), to the best of 
our knowledge, this is the first study to show this association 
in clinical specimens of advanced PC.

EGFR is a cell membrane growth factor receptor char-
acterized by tyrosine kinase activity that plays a crucial role 
in the control of key cellular transduction pathways (27). At 
present, targeting EGFR is one of the most effective anticancer 
strategies available, and anti-EGFR therapies are now widely 
used for the treatment of PC, NSCLC, CRC, and HNSCC (27). 
For advanced PC, erlotinib is the first drug for which a superi-
ority of combination therapy with gemcitabine in terms of OS 
and PFS, has been documented in a large randomized trial, 
but the achievable improvement has remained limited (3). 

This unsatisfactory outcome has encouraged a number of 
studies which have attempted to identify molecular markers 
capable of predicting the efficacy of erlotinib in patients 
with PC (1,27). EGFR mutation or amplification has been a 
potential predictor of the response to EGFR-TKI treatment or 
patient prognosis in several cancers (27), and EGFR-TKIs are 
known to be effective against NSCLC harboring EGFR muta-
tions (28). Several studies, however, have demonstrated that 
neither EGFR amplification nor EGFR mutation is a predictive 
biomarker for the response to erlotinib in PC (29,30). KRAS 
mutations, which act downstream of the EGFR pathway, have 
been characterized as a predictive biomarker for resistance 
to anti-EGFR antibodies in CRC (31). In PC, however, K-ras 
mutations, which occur in 90% of PC, have not been recog-
nized as a predictive biomarker for resistance to erlotinib in 
combination with gemcitabine (29). These previous studies 
highlight the need to explore alternative explanations for 
responses to erlotinib and to identify markers that can predict 
the efficacy of erlotinib in patients with PC. Recently, altera-
tions of the PI3K-Akt pathway, which is active downstream of 
the EGFR pathway, have been implicated as potential mecha-
nisms of resistance to anti-EGFR therapies in CRC and lung 
adenocarcinoma (32-35). Amplification and high expression 
levels of Akt2 are also reportedly associated with resistance 
to erlotinib in PC in vitro (21). The present study showed a 
tendency toward a poorer response and a shorter PFS and OS 
for erlotinib plus gemcitabine in patients with advanced PC 
harboring high Akt2 expression. Futhermore, in vitro experi-
ments showed that Akt2 is associated with the resistance to 
anti-EGFR therapies, and a TCGA dataset showed that the 
frequencies of both Akt2 amplification and high expression 
levels are relatively high in PC. These findings suggest that 
Akt2 expression could be a predictive biomarker for resistance 
to erlotinib in PC. In addition, in our in vitro experiments, 
the combined treatment of erlotinib and a PI3K inhibitor was 
able to overcome this resistance, indicating that this combined 
treatment might be a promising starategy for the treatment of 
patients who are resistant to anti-EGFR therapies because of 
high Akt2 expression levels.

A previous report showed that a high Akt2 expression 
detected using immunohistochemistry was observed in 40% 

Table II. High RNA expression and gene amplification of Akt2 in TCGA database.

 Amplification RNA expression
 --------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------
Cancer No. of No. of samples with No. of No. of samples with a
type samples amplification (%) samples high expression level (%)

PC 145 11 (8) 178 25 (14)
LAd 230   3 (1.3) 230 21 (9.1)
LSq 178   8 (4.5) 178 24 (13.5)
CRC 212   3 (1.4) 244 17 (7)
HNSCC 279   4 (1.4) 279 27 (9.7)

PC, pancreatic cancer; LAd, lung adenocarcinoma; LSq, lung squamous cell carcinoma; CRC, colorectal adenocarcinoma; HNSCC, head 
and neck squamous cell carcinoma. Gene amplification and RNA expression were evaluated by genome sequencing and RNA sequencing, 
respectively. High RNA expressed samples were defined as those with a Z-score >2.0.
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of cases, consistent with the results of the present study, but 
a correlation with the survival of patients with PC was not 
seen (14). In the previous study, all the patients had received 
curative surgical resections and did not receive erlotinib treat-
ment (14). In contrast, we focused on patients with advanced PC 
treated with erlotinib plus gemcitabine and showed a tendency 
toward a poorer outcome among patients with high Akt2 
expression levels. The PI3K/Akt/mTOR pathway regulates 
cell survival and apoptosis (9), and Akt2 expression is report-
edly associated with prognosis and aggressiveness in other 
cancers (16-19). In addition, Akt2, which is active downstream 
of the EGFR pathway, seems to be associated with erlotinib 
resistance. Therefore, the tendency toward a poorer outcome 
among patients with advanced PC with high Akt2 expression 
levels who had been treated with erlotinib plus gemcitabine, as 
observed in the present study, seems reasonable.

The present study had some limitations. First, the study 
was relatively small and was performed retrospectively, and we 
could not show a significant correlation between Akt2 expres-
sion and the response to erlotinib. Only a few patients with 
advanced PC are eligible for surgical resection (1), and cyto-
logical examinations such as EUS or CT-guided FNA, which is 
an invasive method, are not rountinely performed when cancer 
is almost certainly diagnosed using dynamic CT imaging (36). 
Consequently, predictive biomarkers in advanced PC are diffi-
cult to investigate and studies like ours are very rare. At our 
institute, however, EUS-FNA is commonly conducted (37). 
Therefore, the present study might be valuable from the aspect 
of its use of rare biopsy specimens despite the small number 
of available samples. In addition, the present study, showing 
Akt2 expression as a biomarker candiate, encourages the use 
of aggresive biopsies in patients with advanced PC. Recently, 
evaluation of gene amplification has become feasible using a 
liquid biopsy, which detects cell-free circulating tumor dNA 
in the blood (38,39). Liquid biopsies are less invasive than 
EUS-FNA and might be useful for the detection of biomarkers 
such as gene amplification.

As a second limitation, we could not evaluate Akt2 gene 
amplification and expression because of the poor sample 
conditions. due to the small amount of biopsied tissue obtained 
using EUS-FNA, we could not extract a sufficient amount of 
dNA/RNA for such analyses. Instead, we analyzed the TCGA 
database to investigate the frequencies of Akt2 amplification 
and high expression levels. The frequencies of Akt2 amplifica-
tion and high expression in PC are not as high as those of other 
gene alterations, such as those of the K-ras mutation. Recently, 
however, molucular targeted therapy for low-frequency altera-
tions has been developed. For example, the frequencies of ALK 
rearrangements and uncommon EGFR mutations in NSCLC 
are as low as 5 and 10%, respectively (40,41). Patients with 
ALK rearrangements are well known to respond dramatically 
to crizotinib (40), and in a recent post hoc analysis and our in 
vitro studies, afatinib was reported to be effective for patients 
harboring uncommon EGFR mutations, including exon 18 
mutations, the S768I mutation, and the L861Q mutation 
(42-44). Thus, the low frequencies of gene alterations shoud 
not be overlooked, and effective biomarkers for the detec-
tion and treatment of PC are eagerly anticipated, but not yet 
defined. Therefore, Akt2 expression in PC might be valuable in 
treatment with erlotinib. To eliminate these limitations and to 

confirm our findings, further analyses including multi-center 
studies are desirable.

In conclusion, we found an association between high Akt2 
expression levels and resisitance to erlotinib in both clinical 
specimens of advanced PC and several cell lines. A high Akt2 
expression level might be a predictive biomarker for resistance 
to anti-EGFR therapies, especially erlotinib, in patients with 
PC. Our present study was, however, very small and was 
performed retrospectively. Therefore, further large-scale 
studies are needed to confirm these findings.
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A Case of Type II Enteropathy-Associated T-Cell Lymphoma in 
a Patient With Ulcerative Colitis
Yoriaki Komeda1, Hiroshi Kashida1, Toshiharu Sakurai1, Masashi Kono1, Tomoyuki Nagai1, Yutaka Asakuma1,  
Satoru Hagiwara1, Shigenaga Matsui1, Tomohiro Watanabe1, Takaaki Chikugo2 and Masatoshi Kudo1

Am J Gastroenterol 2017;112:833; doi:10.1038/ajg.2017.56

A 65-year-old man presented 7 years after being treated by a local physician for left-sided ulcerative colitis (UC). A colonoscopy suggested that the UC was 
nearly in remission, but, unexpectedly, a rectal biopsy revealed lymphoma. The patient was referred to our hospital. Colonoscopy revealed edematous and 
fine granular mucosa with tiny erosions extending from the sigmoid colon to the rectum (a). Abdominal computed tomography revealed wall thickening at 
multiple sites in the jejunum; one site showed mass formation. Enteroscopy showed fine, granular, edematous mucosa extending from the duodenum into the 
jejunum. There were ulcerated areas, and at one site a mass occupied half the lumen (b). Biopsy specimens from the small and large intestines revealed that 
the epithelium of the crypts and the stromal tissue were infiltrated by abnormal lymphocytes that were positive for CD3 CD7, CD8, and CD56 and negative for 
CD4, CD20, TIA1, and granzyme B (c). The findings led to a diagnosis of enteropathy-associated T-cell lymphoma in immunostaining. After diagnosis, symp-
toms of intestinal obstruction developed and laparoscopic partial resection of the jejunum was performed. During the fifth course of chemotherapy, the patient 
developed septicemia and disseminated intravascular coagulopathy, which led to his death 7 months after presentation. (Informed consent was obtained from 
the patient’s family to publish these images.)

1Department of Gastroenterology and Hepatology, Kindai University Faculty of Medicine, Osaka-Sayama, Osaka, Japan; 2Department of Pathology, Kindai University 
Faculty of Medicine, Osaka-Sayama, Osaka, Japan.

Recurrent Gastrointestinal Bleeding due to Multiple Pyogenic 
Granulomas in the Stomach
Matthias C Reichert1, Michael Schuster1, Yoo-Jin Kim2 and Frank Lammert1

Am J Gastroenterol 2017;112:833; doi:10.1038/ajg.2016.599

A 77-year-old woman with compensated liver cirrhosis (Child-Pugh stage A) due to chronic hepatitis C virus infection was referred to our department with recur-
rent upper gastrointestinal bleeding, requiring blood transfusion (500 ml packed red blood cells). Esophagogastroduodenoscopy revealed red, hyperemic, smooth 
polyps in the gastric antrum (a), which bled on contact with the endoscope. Multiple polyps were resected using snare polypectomy with prophylactic clip applica-
tions. Histopathological analysis revealed highly vascularized polypoid lesions, each with erosions, fibrinous exudate, and acute inflammation of the surface (b, 
arrows). The striking outgrowth of congestive capillary vessels (c, arrow), accompanied by acute and chronic inflammatory infiltrates (c, arrowheads) resembling 
granulation tissue, led to the diagnosis of pyogenic granuloma. During follow-up (7 months), the patient showed no further episodes of gastrointestinal bleeding, 
and hemoglobin levels remained stable at 9 g/dl. Pyogenic granulomas are benign vascular tumors that can be resected endoscopically. Multiple pyogenic granu-
lomas in the stomach are very rare. (Informed consent was obtained from the patient to publish these images.)

1Department of Medicine II, Saarland University Medical Center, Homburg, Germany, 2Institute of Pathology, Saarland University Medical Center, Homburg, Germany.
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 Abstract 
  Aim/Background:  The ultimate aim of any treatment for hepatocellular carcinoma (HCC) is 
to improve overall survival (OS); however, the clinical significance of time to progression (TTP) 
after transarterial chemoembolization (TACE) is unclear. This retrospective study examined 
the association between OS and the newly defined time to TACE progression (TTTP) to assess 
whether TTTP can be an alternative to OS in HCC patients with Barcelona Clinic Liver Cancer 
(BCLC) stage B.  Methods:  Between January 2006 and December 2013, 592 patients with HCC 
(BCLC B1,  n  = 118; BCLC B2,  n  = 170) underwent TACE. TTTP was then redefined as time to 
progression from the first image taken after TACE. The relationship between TTTP and OS was 
then examined based on survival time.  Results:  Survival analysis revealed significant differ-
ences in the OS of patients with BCLC B1 and those with BCLC B2 (median OS: 42.3 months, 
95% confidence interval [CI] 34.4–50.7; and 29.3 months, 95% CI 26.1–37.6, respectively,  p  = 
0.0348). The median TTTP values were 9.5 months (95% CI 7.0–10.9) and 5.3 months (95% CI 
4.6–6.7), respectively ( p  = 0.0078). There was a moderate positive correlation between OS and 
TTTP for both B1 ( R  2  = 0.6563,  p  = 0.0045) and B2 ( R  2  = 0.6433,  p  = 0.0052) substages. There 
was also a positive correlation between OS and TTTP for the combined B1 and B2 substages 
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( R  2  = 0.6590,  p  = 0.0024).  Conclusions:  There was a moderate correlation between the TTTP 
and OS of patients with HCC after TACE therapy, where the patients with short TTTP repre-
sented short OS, indicating that TTTP is an alternative parameter for survival analysis of HCC 
patients with BCLC stage B tumors who undergo TACE.  © 2017 S. Karger AG, Basel 

 Introduction 

 Despite recent diagnostic and therapeutic advances, hepatocellular carcinoma (HCC) is 
still the third-most lethal malignancy worldwide and is associated with increasing mortality 
 [1] . Nationwide follow-up surveys conducted by the Liver Cancer Study Group of Japan show 
that the total number of liver cancer deaths began to increase sharply in 1975, peaked in 2004, 
and declined again thereafter. It is noteworthy that the establishment of a nationwide HCC 
surveillance program contributed to improved overall survival (OS) rates  [2] . With respect to 
treatment, sorafenib is effective for cases of advanced HCC  [3, 4] , and various embolic mate-
rials and catheters have been developed for transarterial chemoembolization (TACE)  [5] . 
These advances have contributed to improved OS rates in the past decade. In addition to OS, 
studies examining the efficacy of anticancer agents and other interventions have examined 
time to progression (TTP), which is generally defined as the time from initiation of treatment 
intervention to tumor progression per Response Evaluation Criteria in Cancer of the Liver 
(RECIST), and is evaluated by comparing pretreatment images with follow-up images. 

  However, insufficient deposition of lipiodol, which is indicative of TACE failure, may 
mean that patients undergo further rounds of TACE, irrespective of whether tumor progression 
per RECIST is detected. In other words, whether or not progression is confirmed, TACE may 
be repeated in patients that show a progressive disease. Because this means that multiple 
TACE procedures could be performed even after tumor progression is confirmed, TTP (as a 
surrogate measure of evaluating survival) is not suitable for patients treated with TACE.

  The effects of TACE can also be masked by the emergence of a new lesion, which is 
considered progressive disease according to the modified RECIST  [6]  and the Response Eval-
uation Criteria in Cancer of the Liver (RECICL) criteria  [7] . Although TACE is recommended 
for patients with Barcelona Clinic Liver Cancer (BCLC) stage B HCC  [8] , a majority of patients 
undergoing TACE actually harbor multiple intrahepatic tumors or a single large hepatic 
tumor. Under these conditions, it is easily assumed that these HCCs will have a high frequency 
of intrahepatic metastasis; also, because of the biological characteristics of HCC, new lesions 
are likely to appear.

  The appearance of new lesions immediately after TACE is indicative of “progression” and 
so the treatment response will be classified as progressive disease according to the RECIST 
and mRECIST criteria, despite any favorable response noted in the initially treated tumor. 
Currently, sorafenib is the only treatment strategy available after failure of TACE  [9, 10] . 
However, in clinical practice, “progression” is not determined by development of a new small 
lesion, and switching from TACE to sorafenib or other therapies does not necessarily happen 
at this point. In such cases, it is conceivable that a favorable response by the treated tumor 
would improve survival, irrespective of the development of new lesions.

  Although many clinical trials of TACE alone or targeted agents in combination with TACE 
use OS as a primary endpoint, it takes a long time before its effects are proved  [11–13] . 
Furthermore, the OS benefit is diluted by prolonged post-progression survival  [14] , because 
post-trial treatments such as intra-arterial infusion chemotherapy, sorafenib, or other trial 
agents (including regorafenib, lenvatinib, or immunotherapy) can have a chance of marked 
antitumor effect, resulting in longer post-progression survival irrespective both in the testing 
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and control arms. However, TTP can be evaluated over a shorter period of time than OS; 
therefore, it would be a more desirable endpoint if it actually correlated with OS. To date, no 
trial except one  [15]  has used TTP as a primary endpoint because, as mentioned above, it is 
unsuitable for assessing the effects of TACE therapy  [16] . So far, it is generally well known 
that TTP based on RECIST does not correlate with OS in targeted agent trials probably because 
treatment in both testing and control arms is often followed by other post-treatment anti-
cancer agents or procedures  [17–19] . In case of a TACE combination trial, the dilution effect 
on OS by post-trial anticancer treatment would be much larger since the OS of BCLC stage B 
HCC patients is longer than the OS of BCLC stage C HCC patients.

  The aim of this study was to ascertain whether the newly defined time to TACE progression 
(TTTP) is a useful parameter for assessing the effects of TACE on HCC. Thus, we analyzed the 
correlation between OS and TTTP among HCC patients who underwent conventional TACE 
(cTACE) therapy.

  Materials and Methods 

 Patients 
 Between January 2006 and August 2013, 592 patients with HCC underwent cTACE as a first-line 

treatment at Kindai University Hospital. Of these, 288 who had undergone cTACE during their clinical course 
and met the inclusion criteria were enrolled in this retrospective study. All patients satisfied the diagnostic 
criteria for HCC set out in the American Association for the Study of the Liver Disease guidelines. Clinico-
pathological variables, including demographic parameters, tumor staging (based on the number of focal 
lesions and the maximum diameter of contrast-enhanced [CE] lesions), Child-Pugh score, and BCLC stage, 
were collected at the time of referral (i.e., prior to treatment). The inclusion criteria were as follows: (1) a 
diagnosis of HCC based on histological examination, radiologic findings of early enhancement followed by 
late washout on CE-CT, or dynamic MRI; (2) performance status of 0; and (3) Child-Pugh class A or B preserved 
liver function. The exclusion criteria were as follows: (1) concomitant antineoplastic treatment and (2) lack 
of data before and after cTACE due to missing medical records. Patient characteristics are summarized and 
presented in  Table 1 . The patient population comprised 213 men and 75 women. Overall, 180 patients 
(62.5%) were positive for the antihepatitis C virus antibodies, 27 (9.4%) were positive for the hepatitis B 
virus surface antigen, and 81 (28.1%) were negative for both. 244 patients (84.8%) were classified as Child-
Pugh class A. Epirubicin, miriplatin, and cisplatin were used as the TACE chemoagent in 265, 20, and 3 
patients, respectively.

  Kinki Criteria 
 For substaging according to the Kinki criteria, patients were classified according to their Child-Pugh 

score (5–7 points or 8–9 points) and according to the number and diameter of the tumors using the Milan 
criteria and the up-to-seven criteria. Substage B1 cases had a Child-Pugh score of 5–7 and met the up-to-
seven criteria; substage B2 cases had a Child-Pugh score of 5–7 and exceeded the up-to-seven criteria; 
substage B3 cases had a Child-Pugh score of 8–9 and any tumor status  [20–23] .

  TACE Technique 
 The right femoral artery was accessed using an 18-gauge Seldinger needle and a 4-Fr sheath inserted. The 

celiac artery was catheterized using a 4.2-Fr catheter, through which a 2.2-Fr microcatheter (Shirabe ® ; Piolax, 
Yokohama, Japan) was advanced coaxially into the common or proper hepatic artery. Rotational angiography 
was then performed to evaluate the vessels feeding identified tumors. The tip of the catheter was then placed 
into the segmental and subsegmental feeding arteries with assistance from selective hepatic angiography and/
or tracking navigation imaging. Chemoembolization was then performed using 60–120 mg of miriplatin 
(Miripla ® ; Sumitomo Dainippon Pharma, Osaka, Japan), 20–50 mg of epirubicin (Epirubicin ® ; Nippon Kayaku, 
Tokyo, Japan), or 50–100 mg of cisplatin (IA-call ® ; Nippon Kayaku) emulsified in iodized oil (Lipiodol ®  Ultra-
Fluid; Guerbet, Paris, France) containing gelatin sponge particles (Gelpart ® ; Nippon Kayaku, or Gelfoam ® ; 
Upjohn, Kalamazoo, MI, USA). The injection volume of the emulsion (<8 mL) was based on the tumor volume. 
Neither drug-eluting-bead TACE (DEB-TACE) nor balloon-occluded TACE (B-TACE) were utilized in this study.
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  Time to TACE Progression 
 CE-CT or CE-MRI was initially performed at 1 month after TACE therapy to obtain baseline images. 

These were then compared with images taken every 1–3 months after therapy. To assess the target lesions, 
the 5 largest tumors were selected from the intrahepatic lesions for the total of maximum diameter of each 
viable lesion in one dimension measurement. Progression was defined as a  ≥ 20% increase relative to the 
post-treatment images (baseline images) in the summed diameter of the 5 largest tumors on post-treatment 
images. The appearance of vascular invasion or extrahepatic spread was also regarded as progression. TTTP 
was defined as the interval from the day of baseline images after treatment to the time of progression. For 
example, if a  ≥ 20% increase in the summed diameter was observed on images obtained 1 month after 
baseline, progression was deemed to have occurred at 1 month after treatment: the TTTP would therefore 
be 1 month.

  Statistical Analysis 
 The outcome of interest, OS, was calculated from the date of the first cTACE to the date of death or last 

clinic follow-up. Patients were followed up until October 2016. OS was calculated using 2 methods. First, 
institutional electronic medical records were checked to confirm each patient’s vital status or date of death, 
if available. Second, all patients who remained alive and patients of unknown vital status were censored at 
the last known clinical follow-up date. Kaplan-Meier survival curves were plotted, and the significance of 
differences was assessed using the log-rank test. Categorical variables were compared using the Bonferroni-
corrected Mann-Whitney U test. Differences with a two-tailed  p  value of <0.05 were considered statistically 
significant. To examine relationships between TTTP and OS of the patients, the Pearson correlation test was 
applied. Any discrepancies between OS and TTTP were identified from correlation plots. All analyses were 
performed using the SPSS Medical Pack for Windows, version 10.0 (SPSS, Inc., Chicago, IL, USA).

 Table 1.  Characteristics of hepatocellular carcinoma patients treated with conventional transarterial chemo-
embolization therapy

Characteristic All patients (N = 288) B1 substage (n = 118) B2 substage (n = 170)

Age, years 73 (67 – 77)a 74 (69 – 77.75)a 72.5 (66.25 – 77)a

Sex
Male 213 (74.0) 86 (72.9) 127 (74.7)
Female 75 (26.0) 32 (27.1) 43 (25.3)

Child-Pugh score
5 160 (55.6) 71 (60.2) 89 (52.4)
6 84 (29.2) 36 (30.5) 48 (28.2)
7 44 (15.3) 11 (9.3) 33 (19.4)

Virus statusb

HBV 27 (9.4) 12 (10.2) 15 (8.8)
HCV 180 (62.5) 77 (65.3) 103 (60.6)
Virus negative 81 (28.1) 29 (24.6) 52 (30.6)

Serum ALT, IU/L 37 (25.75 – 57.25)a 38 (22.25 – 61)a 37 (26.25 – 54.75)a

Serum ALP, IU/mL 334.5 (253 – 454.7 5)a 320.5 (242 – 448.25)a 348 (269 – 462.5)a

Serum platelets, 104/μL 12.7 (9.1 – 16.925)a 11.7 (8.7 – 15.5)a 13.35 (9.8 – 18.25)a

Serum AFP, ng/mL 25 (7 – 208) 20 (6.25 – 84.75)a 32 (8 – 360)a

Chemoagents
Epirubicin 265 (92.0) 111 (94.1) 154 (90.6)
Miriplatin 20 (6.9) 7 (5.9) 13 (7.6)
Cisplatin 3 (1.0) 0 (0) 3 (1.8)

 Values are shown as n (%), unless otherwise indicated. ALT, alanine aminotransferase, ALP, alkaline 
phosphatase, AFP, alpha-fetoprotein, HBV, hepatitis B virus, HCV, hepatitis C virus. 

a Dispersion variables are shown as median values (25 – 75%). b Cases testing positive for HBV surface 
antigen were considered cases of HBV-related hepatocellular carcinoma (HCC); those testing positive for 
HCV antibody were considered cases of HCV-related HCC.
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  Results 

 OS and TTTP  
 The median OS value for BCLC substage B1 and B2 patients combined was 35.3 months 

(95% confidence interval [CI] 31.4–41.7). When we compared OS and TTTP among the B1 
and B2 substage groups using Kaplan-Meier estimates, we found a significant intergroup 
difference in the median OS values: 42.3 months (95% CI 34.4–50.7) for group B1 and 29.3 
months (95% CI 26.1–37.6) for group B2 ( p  = 0.0348) ( Fig. 1 a). Further comparison revealed 
a significant difference between the groups in terms of the median TTTP, with values of 9.5 
months (95% CI 7.0–10.9) for group B1 and 5.3 months (95% CI 4.6–6.7) for group B2 ( p  = 
0.0078) ( Fig. 1 b).
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 Table 2. Relationship between TTTP and OS in patents with B1 substage hepatocellular carcinoma

TTTP range Patients 
(N = 118)

Median OS (95% CI), 
months

25th–75th percentile 
of OS

0 – 5 months 34 27.0 (2.2 – 84.5) 8.5 – 40.4
5 – 10 months 32 24.7 (5.6 – 100.4) 13.9 – 39.4

10 – 15 months 21 30.2 (8.0 – 108.7) 15.7 – 50.3
15 – 20 months 13 47.0 (16.0 – 113.4) 31.4 – 55.0
20 – 25 months 6 46.4 (23.5 – 71.1) 39.2 – 55.3
25 – 30 months 3 54.5 (46.7 – 88.4) 50.6 – 71.5
30 – 35 months 2 34.4 (33.4 – 35.3) 33.9 – 34.8
35 – 40 months 1 37.4 (37.4 – 37.4) 37.4 – 37.4
40 – 45 months 4 62.7 (44.0 – 88.2) 44.0 – 83.1
45 – 50 months 0

>50 months 2 89.2 (63.2 – 115.2) 76.2 – 102.1

TTTP, time to transarterial chemoembolization progression; OS, overall survival; CI, confidence interval.

  Fig. 1.  Comparison of overall survival (OS) ( a ) and the newly defined time to transarterial chemoemboliza-
tion progression (TTTP) ( b ) in patients with B1 and B2 substage hepatocellular carcinoma.  a  Comparison of 
survival curves reveals median OS values of 42.3 months (95% confidence interval [CI] 34.4–50.7) and 29.3 
months (95% CI 26.1–37.6) for the B1 and B2 substage groups, respectively ( p  = 0.0348).  b  Comparison of 
survival curves reveals median TTTP values of 9.5 months (95% CI 7.0–10.9) and 5.3 months (95% CI 4.6–
6.7) for the B1 and B2 substage groups, respectively ( p  = 0.0078). 
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  Association between OS and TTTP 
 To determine the effect of TTTP on OS, we classified TTTP into subgroups based on 

duration, with a 5-month range per group. 
  The median OS values for each TTTP range in the B1 substage group are presented in 

 Table 2 . Although there was no significant difference in the median OS among these subgroups, 
Pearson correlation analysis revealed the positive correlation between TTTP and OS where 
the patients with short TTTP represented short OS and those with long TTTP showed long 
OS; the median OS values (25–75th percentile) of the group with a TTTP range of 0–5 months 
and those of the group with TTP >50 months were 89.2 months (76.2–102.1) and 27.0 months 
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  Fig. 2.  Correlation plots of overall 
survival (OS) and time to transar-
terial chemoembolization pro-
gression (TTTP). The correlation 
between OS ( y  axis) and TTTP 
( x  axis) for the B1 ( a ) and B2 ( b ) 
substage groups was assessed 
separately. A combined analysis 
was also conducted ( c ). Each  p  
value shown in the panels was 
calculated by Bonferroni-correct-
ed Mann-Whitney U test. Both 
substages demonstrated a posi-
tive moderate correlation, with  R  2  
values of 0.6563 ( p  = 0.0045 by 
Pearson correlation test) ( a ) and 
0.6433 ( p  = 0.0052) ( b ) for the B1 
and B2 substages, respectively. 
The combined 2 substages ( c ) 
also exhibited a positive correla-
tion with each other ( R  2  = 0.6590, 
 p  = 0.0024). 

－453－



233Liver Cancer 2017;6:227–235

 DOI: 10.1159/000475777 

 Arizumi et al.: OS of Patients with HCC Correlates with the Newly Defined Time to 
Progression after Transarterial Chemoembolization 

www.karger.com/lic
© 2017 S. Karger AG, Basel

(8.5–40.4), respectively ( R  2  = 0.6563,  p  = 0.0045) ( Fig. 2 a;  Table 2 ). For the B2 substage group, 
the corresponding median OS values are presented in  Table 3 . A significant difference was 
observed for the median OS in several comparisons: between the groups with OS of 0–5 and 
10–15 months ( p  < 0.0001), 0–5 and 40–45 months ( p  < 0.0001), 0–5 and >50 months ( p  < 
0.0001), and 5–10 and >50 months ( p  < 0.0001) subgroups. In addition, there was a signif-
icant positive correlation between OS and TTTP in B2 substages by Pearson correlation 
analysis ( R  2  = 0.6433,  p  = 0.0052) ( Fig. 2 b). 

  The median OS values for each TTTP range when the B1 and B2 substages were combined 
are presented in  Table 4 . There was also a significant difference in the median OS between 
the groups with OS of 0–5 and 10–15 months ( p  < 0.0001), 0–5 and 15–20 months ( p  < 0.0001), 
0–5 and 25–30 months ( p  = 0.0004), 0–5 and 40–45 months ( p  < 0.0001), 0–5 and >50 months 
( p  < 0.0001), 5–10 and 40–45 months ( p  = 0.0002), 5–10 and >50 months ( p  < 0.0001), and 
10–15 and >50 months ( p  = 0.0007) subgroups. A significant positive correlation was observed 
between OS and TTTP for the combined B1 and B2 substages ( R  2  =0.6590;  p  = 0.0024) ( Fig. 2 c).

 Table 4. Relationship between TTTP and OS in patents with B1 and B2 substage hepatocellular carcinoma

TTTP range Patients 
(N = 288)

Median OS (95% CI), 
months

25th–75th percentile 
of OS

0 – 5 months 115 19.4 (0.4 – 84.5) 8.1 – 32.2
5 – 10 months 69 26.7 (5.6 – 100.4) 16.3 – 40.0

10 – 15 months 47 37.7 (8.0 – 116.9) 19.9 – 50.5
15 – 20 months 26 38.4 (15.2 – 113.4) 20.5 – 51.6
20 – 25 months 10 40.2 (22.4 – 71.1) 19.6 – 55.3
25 – 30 months 6 50.6 (25.3 – 88.4) 40.4 – 56.2
30 – 35 months 3 34.7 (33.4 – 35.3) 34.1 – 35.0
35 – 40 months 1 37.4 (37.4 – 37.4) 37.4 – 37.4
40 – 45 months 5 81.4 (44.0 – 88.8) 44.1 – 88.2
45 – 50 months 1 57.5 (57.5 – 57.5) 57.5 – 57.5

>50 months 5 68.2 (55.6 – 115.7) 63.2 – 115.1

TTTP, time to transarterial chemoembolization progression; OS, overall survival; CI, confidence interval.

 Table 3. Relationship between TTTP and OS in patents with B2 substage hepatocellular carcinoma

TTTP range Patients 
(N = 170)

Median OS (95% CI), 
months

25th–75th percentile 
of OS

0 – 5 months 81 16.9 (0.4 – 63.9) 7.4 – 27.9
5 – 10 months 37 28.8 (7.7 – 65.6) 18.8 – 41.5

10 – 15 months 26 43.6 (11.5 – 116.9) 23.4 – 50.7
15 – 20 months 13 21.5 (15.2 – 87.3) 16.0 – 46.6
20 – 25 months 4 32.2 (22.4 – 60.5) 26.0 – 43
25 – 30 months 3 38.3 (25.3 – 56.8) 31.8 – 47.5
30 – 35 months 1 34.7 (34.7 – 34.7) 34.7 – 34.7
35 – 40 months 0
40 – 45 months 1 88.8 (88.8 – 88.8) 88.8 – 88.8
45 – 50 months 1 57.5 (57.5 – 57.5) 57.5 – 57.5

>50 months 3 68.2 (55.6 – 115.7) 61.9 – 92.0

TTTP, time to transarterial chemoembolization progression; OS, overall survival; CI, confidence interval.
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  Discussion 

 Here, we compared OS and TTTP among patients with substage B1 and B2 HCC. The 
results according to the Kinki criteria showed that those with substage B1 HCC undergoing 
cTACE had longer OS and TTTP than those with substage B2 undergoing cTACE. Moreover, 
OS correlated with TTTP: patients with a longer OS also had a longer TTTP. 

  Despite administering standard-of-care therapy according to established guidelines, in 
clinical practice we sometimes encounter patients who present with tumor progression 
shortly after treatment. These tumors may be resistant to further treatment and the patients 
often have a poor prognosis. 

  Early intrahepatic metastasis of HCC may be caused by dissemination of tumor cells via 
the portal vein  [24] . Insufficient deposition of lipiodol may allow TACE-resistant tumors to 
survive; subsequent dissemination of residual HCC cells via the portal vein leads to early 
recurrence and a poor prognosis  [25] . Here, we assumed that the inefficacy of various post-
treatments against the highly malignant tumors meant that patients with a short TTTP also 
had a short OS.

  Currently, many clinical trials of TACE use OS as the primary endpoint because it is not 
clear whether TTP per RECIST truly reflects OS. Here, we observed median OS values of 42.3 
months for the B1 substage group and 29.3 months for the B2 substage group. These median 
survival times are quite long (>2 years); therefore, any clinical trial that uses OS as an endpoint 
would require a very long follow-up period. However, the median values for TTTP were 9.5 
months for the B1 group and 5.3 months for the B2 group; these times are clearly much 
shorter and correlate with OS. Thus, the data suggest that TTTP is a suitable endpoint of 
clinical trials because it requires a shorter follow-up period than OS.

  Having said that, a few cTACE-naïve patients showed a discrepancy between OS and 
TTTP (i.e., some showed a long OS and a short TTTP). One possible reason for this is that a 
second round of cTACE might have been effective, thereby extending OS. For example, several 
types of anticancer agents can be used alongside with cTACE. Such second-line chemotherapy 
agents might have improved the treatment effects. In addition, new TACE procedures such as 
DEB-TACE (which uses drug-eluting beads) and B-TACE (which uses balloon occlusion tech-
niques) were available for the second round. Another possible reason is that post-cTACE 
treatment might have been effective, thereby contributing to the long OS observed in some 
cases with a short TTTP. For example, the use of sorafenib to treat patients with TACE-
refractory disease and a short TTTP actually prolongs OS  [9, 10] . However, in general we 
found that OS correlated with TTTP in patients with B1 or B2 substage HCC. Taken together, 
these results suggest that TTTP can predict OS after TACE. Thus, TTTP is a potential surrogate 
endpoint for OS in future clinical trials testing the effects of TACE, or new agents combined 
with TACE, on HCC.
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SUMMARY 
 
Background: We encountered a rare case of Waldenstrom macroglobulinemia with temporary appearance of 7S 
IgM half molecule and with monoclonal proteins binding to agarose gel. 
Methods: The patient’s serum and urine were analyzed using sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis and immunoblotting. The N-terminal amino acid sequences of the IgM with abnormal mass (68 kDa) 
were determined and compared with those of known immunoglobulin. 
Results: The 68 kDa IgM consisted of a defective μ chain (36 kDa) and an intact κ chain. N-terminal amino acid 
sequence analysis demonstrated that the defective μ chain had the variable region of IgM. The agarose gel-binding 
ability of the IgM-κ M-protein was lost after reduction or alkaline treatment of serum. 
Conclusions: The 7S half molecule IgM in the present case may miss a large part of the constant region of the µ 
chain. 
(Clin. Lab. 2017;63:983-989. DOI: 10.7754/Clin.Lab.2017.170106) 
 
 
Correspondence: 
Mayumi Imoto 
Department of Clinical Laboratory 
Kindai University Hospital 
377-2 Ohnohigashi 
589-8511 Osakasayama  
Japan 
Phone: +81 72-366-0221 
Fax: +81 72-366-0206 
Email: maimoto@zmail.plala.or.jp 
 
 
 
 
 
 
 
 
_____________________________________________ 
Case Report accepted January 27, 2017 

KEY WORDS 
 

7S IgM half-molecule, N-terminal amino acid sequence, 
agarose gel binding, Waldenstrom macroglobulinemia 
 
 

LIST OF ABBREVIATIONS 
 
LMW - low molecular weight 
SDS-PAGE - sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis 
 
 

INTRODUCTION 
 
The half-molecule (HM) immunoglobulin (Ig) consists 
of a light chain and a structurally defective heavy chain. 
In 1969, Hobbs et al. [1] first reported HM IgG in a pa-
tient with soft tissue plasmacytoma. Thus far, HM IgG 
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[1], IgA [2,3], and IgM [4] have been reported; howev-
er, the number of cases is small. In 1999, we reported 
the first case of HM 7S IgM in a patient with Walden-
strom macroglobulinemia [4]. In this initial case, 20 N-
terminal amino acid residues of the defective μ chain 
sequence were identical to those of the intact κ chain. 
Here we report another case of HM 7S IgM, which tem-
porarily appeared in the blood and urine of a patient 
with Waldenstrom macroglobulinemia. In this patient, 
the serum IgM-κ M-protein showed an agarose gel-
binding ability. We report the immunochemical charac-
teristics of these abnormal proteins. 
 
 

CASE 
 
The patient was a 60-year-old male referred to our hos-
pital because of hyper-γ globulinemia. The laboratory 
findings were white blood cell count: 6,900/μL       
(4,000 - 8,000/μL), red blood cell count: 373 x 104/μL 
(420 - 540 x 104/μL), hematocrit: 35.7% (39 - 51%), 
hemoglobin concentration: 122 g/L (125 - 175 g/L), and 
total protein: 101 g/L (65 - 82 g/L). The IgM level was 
58.88 g/L (0.7 - 4.7 g/L), showing a marked increase, 
and the IgG and IgA levels were 6.51 g/L (8.0 - 20 g/L) 
and 0.49 g/L (0.7 - 4.7 g/L), respectively. The M-pro-
tein zone (49.3%, 49.8 g/L) was noted in the fast γ re-
gion on serum fractionation and urine Bence Jones pro-
tein (BJP) was positive. Rheumatoid factor was              
7 IU/mL (< 15 IU/mL). In the bone marrow, lympho-
cytes were increased up to 12.1% (CD19: 48.4%, 
CD20: 56.8%) was observed while normal plasma cells 
accounted for 1.2%. Based on these data, the patient 
was clinically diagnosed with Waldenstrom macroglob-
ulinemia. On serum immunoelectrophoresis (IEP), IgM-
κ M-protein was identified (Figure 1). On serum immu-
nofixation electrophoresis (IFE), not only the bands re-
active with anti-μ and anti-κ chain antibodies but also 
the bands reactive with anti-γ, anti-α, and anti-λ chain 
antibodies, suggesting that the M-proteins were bound 
to agarose and remained even after deproteinization 
(Figure 2). Apart from the M-protein band, faint bands 
reacting to anti-μ and κ chain antibodies were observed 
on the anode side (Figure 2). A band reactive with anti-
μ chain and κ-type BJP was detected in urine on IFE 
(Figure 3). This finding suggested the existence of low 
molecular weight (LMW) IgM. The possible LMW IgM 
disappeared after 3 weeks of chemotherapy with fludar-
abine phosphate. 
 
 

MATERIALS AND METHODS 
 
Materials 
PD-10 (GE Healthcare, Buckinghamshire, UK) was 
used to replace urine with buffer, and Minicon (Milli-
pore, Billerica, MA, USA) was used to concentrate 
urine. For immunological reactions, rabbit anti-human 
Ig, anti-human γ chain, anti-human α chain, anti-human 

μ chain, anti-human κ chain, and anti-human λ chain an-
tibodies (DAKO, Copenhagen, Denmark) were used. 
For IEP, a commercial IEP agarose plate (Helena, Beau-
mont, TX, USA) was used with ionic strength 0.06 ver-
onal buffer (pH 8.6) [5]. Titan Gel IFE (Helena) was 
used for IFE. For molecular weight markers, a LMW 
marker kit (GE Healthcare) was used. As secondary an-
tibody, peroxidase-labeled goat anti-rabbit Ig (MBL, 
Nagoya, Japan) was used. Polyvinylidene difluoride 
(PVDF) membrane (Millipore) was used for immuno-
blotting. 
 
Molecular mass estimation of LMW IgM 
The molecular weight of LMW IgM was investigated 
both with and without dithiothreitol (DTT) using sodi-
um dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE). DTT was used as the reducing agent. For 
SDS-PAGE, 7 - 15% and 10 - 15% gradient polyacryl-
amide gels were prepared following the method report-
ed by Laemmli [6]. Protein was stained with Coomassie 
Brilliant Blue R-250 (CBB). Immunoblotting was per-
formed using a blotting device (BIO CRAFT, Tokyo, 
Japan) in which proteins were electrically transferred to 
PVDF membrane at 200 mA for 45 minutes, and the 
blot was stained by peroxidase-labeled enzyme immu-
noassay employing Towbin’s method [7]. 
 
Two-dimensional electrophoresis of LMW IgM  
Two-dimensional electrophoresis was performed to esti-
mate the components of LMW IgM [4]. Using the pa-
tient’s urine, the first SDS-PAGE (1st PAGE) was per-
formed without reducing treatment, and the target band 
was excised from the gel. This gel fragment was re-
duced with DTT in 37°C for 60 minutes and applied to 
the second SDS-PAGE (2nd PAGE) to analyze the 
components of LMW IgM. 
 
N-terminal amino acid sequence analysis of LMW 
IgM 
The N-terminal amino acid sequences of LMW IgM 
were analyzed as previously reported [8]. After SDS-
PAGE of the target abnormal μ and κ chains, the pro-
teins were transferred to a PVDF membrane and stain-
ed. The N-terminal amino acid sequences were analyzed 
using a 477-A Protein Sequencer (ABI, Foster City, 
CA, USA). The determined N-terminal amino acid se-
quences were compared with the FASTA version 3 da-
tabase. 
 
Reactivity of IgM-κ M-protein with agarose gel     
Agar gel (1.5%), agarose gel (1.5%), and agar/agarose 
mixture gel (agar:agarose = 1:1) were used for electro-
phoresis. After electrophoresis, the gels were deprotein-
ized and desalted, and the protein binding state was ob-
served by protein staining. The patient’s serum was se-
rially diluted 2-fold, and the maximum dilution factor 
showing the reactivity was investigated. To investigate 
the mechanism of binding to agarose, the patient’s se-
rum was subjected to treatment with 30 mM DTT, 4 M 
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Figure 1. Immunoelectrophoretic pattern of the patient’s serum. 
 
IgM-κ M-protein was identified in the β over the fast γ region. A protein band indicated by the arrow was present at a site corresponding to 
M-protein. N - normal serum, P - patient’s serum, A-γ - anti-human γ heavy chain antibodies, A-α - anti-human α heavy chain antibodies,       
A-µ - anti-human µ heavy chain antibodies, A-WHS - anti-human whole serum antibodies, A-κ - anti-human κ light chain antibodies,             
A-λ - anti-human λ light chain antibodies. A-δ - anti-human δ heavy chain antibodies. 
 
 
 
 
 
 

 
 
 
 
Figure 2. Immunofixation electrophoresis pattern of the patient’s serum. 
 
Bands reactive with anti-γ (lane G), α (lane A), and λ (lane λ) chain antibodies were observed in the position corresponding to IgM-κ type M-
protein. Furthermore, bands (⊳) reacting to antibody μ and κ were slightly observed on the anode side. The position of the samples applied is 
indicated by the arrow. SP - stain protein, G - anti-human γ heavy chain antibodies, A - anti-human α heavy chain antibodies M - anti-human 
µ heavy chain antibodies, κ - anti-human κ light chain antibodies, λ - anti-human λ light chain antibodies. 
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Figure 3. Immunofixation pattern of the patient’s urine. 
 
A band detected with anti-µ heavy chain antibodies in addition to κ-type Bence Jones protein was observed (red arrow). The sample applica-
tion point is indicated by a black arrow. SP - stain protein, G - anti-human γ heavy chain antibodies, A - anti-human α heavy chain antibodies, 
M - anti-human µ heavy chain antibodies, κ - anti-human κ light chain antibodies, λ - anti-human λ light chain antibodies. 
 
 
 
 
urea, 1 M acetic acid, 1.7 M KOH, 10% Triton X-100, 
and 1 M NaCl [9]. The patient’s serum and treatment 
solution were mixed at 3:1 and applied to agarose gel 
electrophoresis. The gel was deproteinized and stained 
with CBB. 
 
 

RESULTS 
 
Molecular mass estimation of LMW IgM and confir-
mation of components by two-dimensional electro-
phoresis 
In serum, the 193 kDa and 68 kDa bands reacted with 
anti-μ chain antibodies under non-reducing conditions. 
In urine, only the 68 kDa band reacted. With anti-κ 
chain antibody, the 193, 68, 43, and 28 kDa (BJP-κ) 
bands reacted, other than IgG (162 kDa), in serum, and 
the 68, 43, and 28 kDa bands reacted in urine (Figure 
4). After reducing treatment, the 74 (normal size), 49, 
and 36 kDa bands reacted with anti-μ chain antibodies 
in serum, and a 36 kDa band was the main reactive band 
in urine (Figure 5). The two-dimensional electrophore-
sis revealed that the 68 kDa IgM was composed of a de-
fective 36 kDa μ chain and an intact 28 kDa κ chain 
(Figure 6). 

N-terminal amino acid sequence analysis 
The 36 kDa band had N-terminal sequences sharing 
94% identity with those of a known IgM V-L [10] and 
the κ chain shares 100% identity with that of a known κ 
chain (FASTA, version3). 
 
Reactivity with agarose gel 
On IEP with three types of gel: 1.5% agar, 1.5% aga-
rose gel, and agar/agarose gel mixture, M-protein was 
detected in serum even at a dilution of 256 times (IgM: 
23 mg/dL). The agarose gel-binding ability was lost af-
ter reduction by 30 mM DTT or after alkaline treatment 
with 1.7 M KOH (Figure7). 
 
 

DISCUSSION 
 
We suspected the appearance of LMW IgM in the pa-
tient serum and urine as an anti-μ chain antibodies-reac-
tive band. Sequential analyses of immunoblot suggested 
that the LMW IgM was composed of a defective µ 
chain and an intact κ chain. The molecular size and N-
terminus structure of the defective µ chain suggested 
the deficit of CH2 to CH4 domains. Finally, the LMW 
IgM is defined as a half molecule 7S IgM with a defec-

－460－



A Case of Waldenstrom Macroglobulinemia with Temporary Appearance of 7S IgM Half Molecule 

Clin. Lab. 5+6/2017 987

 
 

 
 
 
 
Figure 4. Immunoblotting of the patient’s serum and urine under non-reducing conditions. 
 
In serum, bands at 193 kDa (►) and 68 kD (⊳) were detected with anti-µ heavy chain antibodies under non-reducing conditions. In urine and 
serum, a 68 kDa band (⊳) was detected. With anti-κ light chain antibodies, the 193, 68, 43, and 28 kDa bands were detected in addition to IgG 
(162 kDa) in serum, and the 68, 43, and 28 kDa bands were recognized in urine. The panel on the right represents PU and standard molecular 
weight marker protein staining. A-µ - anti-human µ heavy chain antibodies, A-κ - anti-human κ light chain antibodies, NS - normal serum,    
PS - patient’s serum, PU - patient’s urine. 
 
 
 
 
 
 

 
 
 
 
Figure 5. Immunoblotting of the patient’s serum and urine under reducing conditions. 
 
After reducing treatment, 74 (normal size), 49, and 36 kDa bands were detected with anti-µ heavy chain antibodies in serum, and a 36 kDa 
band was the main band in urine. The panel on the right represents PU and standard molecular weight marker protein staining. A-µ - anti-
human µ heavy chain antibodies, NS - normal serum, PS - patient’s serum, PU - patient’s urine. 
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Figure 6. Immunoblotting of low molecular weight IgM (second PAGE). 
 
The protein with a molecular weight of 68 kDa before reduction was separated into anti-µ heavy chain reactive 36 kDa (►) and anti-κ light 
chain reactive 28 kDa (⊳) bands. A-µ - anti-human µ heavy chain antibodies, A-κ - anti-human κ light chain antibodies. The panel on the right 
represents PU and standard molecular weight marker protein staining. 
 
 
 
 
 
 

 
 
 
 
Figure 7. Analysis of the agarose-binding ability of the M-protein after chemical treatment. 
 
The reactivity was lost after reduction by 30 mM DTT or after alkaline treatment with 1.7 M KOH. 
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tive µ chain. Several µ chain-related bands other than 
the 63 kDa band with unusual molecular mass were ob-
served in this patient. Although we did not perform se-
quence studies on those because of poor recovery of 
materials, speculations as below may be possible from 
the experience of the first case [4]. The 43 kDa band, 
which reacted only with anti-κ chain antibodies (Figure 
4), is assumed to be the second half-molecule 7S IgM 
comprised of one κ chain with the normal molecular 
weight and a µ chain with a large defect missing the 
constant region reactive with the anti-μ chain anti-
bodies. The 49 kDa band, reactive only with anti-μ 
chain antibodies after reduction treatment (Figure 5), is 
assumed to be a low-molecular-weight μ chain starting 
with the C1 region missing the VH region based on the 
analytical results of the first case. 
The HM 7S IgM in the present case disappeared after 
chemotherapy. The appearance of it should be discuss-
ed. Since we did not analyze the structure of the main 
IgM-κ M-protein, it is unknown whether it was derived 
from a different clone of the M-protein clone or a newly 
generated clone. If the former estimate is present, the 
different clone might produce defective IgM. Based on 
the findings of the first case, we consider it rather to be 
an abnormal production of the clone. 
It has been recognized that some IgM M-protein binds 
to agarose or agar gel and disturbs M-protein typing in 
IEP or IFE from before. Upon experiencing a similar 
phenomenon, we studied a chemical interaction be-
tween IgM M-protein and gels. Agar gels are comprised 
of agarose as well as agaropectin, and M-protein, reac-
tive with agar gel, has been frequently reported [11] and 
is considered to be the result of binding to the sulfate 
group in agaropectin through ionic bonding [11]. For 
this reason, we investigated whether the binding was in-
fluenced by increased salt concentrations (up to 1 M 
NaCl) in deproteinization. However, no change was ob-
served. We observed that the agarose gel-binding ability 
of the IgM was lost when treated with 30 mM DTT or 
1.7 M KOH. These results indicate that the binding abil-
ity is disrupted by cleavage of the S-S bond of the M-
protein and that it requires the pentamer form of IgM. In 
addition, from the IEP image of Figure 1, it seems that 
IgM molecules bind to agarose in this case. 
Finally, the accumulation of rare cases like our case 
should contribute to better understandings of IgM M-
protein production. 
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a b s t r a c t

EUS-guided hepaticogastrostomy (EUS-HGS) is useful for treating obstructive jaundice. However, stent
migration may sometimes occur both during and after the procedure. This report describes a patient with
pancreatic cancer and massive ascites who underwent EUS-HGS combined with EUS-guided antegrade
stenting (EUS-AS), with additional EUS-AS playing a role in troubleshooting for stent migration during
EUS-HGS.

� 2017 Pan-Arab Association of Gastroenterology. Published by Elsevier B.V. All rights reserved.

Introduction

Although EUS-guided biliary drainage (EUS-BD) is increasingly
used as an alternative treatment for patients with biliary obstruc-
tion who fail standard endoscopic retrograde cholangiopancre-
atography, adverse events may sometimes occur [1,2]. For
example, a recent systematic analysis of 1192 patients who under-
went EUS-BD found that stent migration occurred in 32 (2.68%)
cases, with stent migration into the abdominal cavity having high
mortality rate [3,4]. This report describes a patient who experi-
enced stent migration during EUS-guided hepaticogastrostomy
(EUS-HGS), with additional EUS-guided antegrade stenting (EUS-
AS) playing a role in troubleshooting to prevent bile leakage.

Case presentation

A 66-year-old woman with advanced pancreatic cancer, duode-
nal stenosis, and massive ascites presented with obstructive jaun-
dice caused by lower bile duct obstruction. A duodenal metal stent
had been deployed for duodenal stenosis. Endoscopic retrograde
transpapillary drainage was attempted; however, deep cannula-
tion into the bile duct was unsuccessful because the indwelling

duodenal stent limited the ability to manipulate the scope. Thus,
EUS-HGS combined with EUS-AS was performed. The intrahepatic
biliary branch duct of segment 3 (B3) was punctured with a 19-
gauge needle. Because the EUS image showed massive ascites
around the gastric lumen, it was technically challenging to punc-
ture B3. The echoendoscope was pushed adhesively to the gastric
lumen with a strong angle position, enabling puncture of B3 with-
out ascites intervening between the liver parenchyma and the gas-
tric lumen. A 0.035-inch guide wire was passed through the needle
until it reached the duodenum via the ampulla, 6 and 7-Fr bougie
dilators were serially advanced over the guide wire to dilate the
puncture site and part of the bile duct stricture. A covered metal
stent (CMS) (diameter, 10 mm; length, 6 cm) for the EUS-AS was
placed over the ampulla across the lower bile duct obstruction.
Subsequently, EUS-HGS was performed. During deployment of
the CMS (diameter, 10 mm; length, 8 cm), its luminal side was
migrated towards the intraperitoneal cavity. Stent migration was
caused by ascites flowing in the space separating the liver and
stomach when the echoendoscope was pulled out from the gastric
lumen (Fig. 1). The scope was immediately changed to a duodenal
scope and a 6-Fr endoscopic nasobiliary drainage tube placed in
the intrahepatic bile duct across the CMS that had been placed in
the lower bile duct to reduce bile leakage (Fig. 2). After the proce-
dure, the patient’s obstructive jaundice improved and her abdom-
inal distention decreased due to the reduction in ascites volume.
The patient resumed eating 5 days after surgery with no bile peri-
tonitis. A recent study reported that a stent length �3 cm in the
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gastrointestinal lumen can prevent stent migration after deploy-
ment in EUS-HGS [5,6]. In this case, metal stents longer than
10 cm may be suitable. Severe ascites may cause inward stent
migration, which may require EUS-AS troubleshooting during
EUS-HGS
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Fig. 1. CT scan shows that the luminal side of the stent had migrated towards the
intraperitoneal cavity.

Fig. 2. Fluoroscopic image shows placement of the 6-Fr endoscopic nasobiliary
drainage tube in the intrahepatic bile duct.
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Abstract Purpose: To report patient-focused outcomes as measured by quality of life (QoL)

and performance status (PS) in REACH, a phase III placebo-controlled randomised study,

assessing ramucirumab in advanced hepatocellular carcinoma (HCC) patients who received

prior sorafenib.

Methods: Eligible patients had advanced HCC, Child-Pugh A, PS 0 or 1 and prior sorafenib.

Patients received ramucirumab (8 mg/kg) or placebo (1:1) on day 1 of a 2-week cycle. QoL was

assessed by FACT Hepatobiliary Symptom Index (FHSI)-8 and EuroQoL (EQ-5D) at base-

line; cycles 4, 10, and 16; and end of treatment. PS was assessed at baseline, each cycle, and

end of treatment. Deterioration in FHSI-8 was defined as a �3-point decrease from baseline

and PS deterioration was defined as a change of �2. Both intention-to-treat and pre-specified

subgroup of patients with baseline serum alpha-fetoprotein (AFP) �400 ng/mL were assessed.

Results: There were 565 patients randomised to ramucirumab and placebo. Compliance with

FHSI and EQ-5D was high and similar between groups. In the ITT population, deterioration

in FHSI-8, EQ-5D, and PS was similar between ramucirumab and placebo. In patients with

baseline AFP �400 ng/mL, ramucirumab significantly reduced deterioration in FHSI-8 at

the end of treatment compared with placebo (P Z 0.0381), and there was a trend towards

a delay in the deterioration of symptoms in FHSI-8 (HR 0.690; P Z 0.054) and PS (HR

0.642; P Z 0.057) in favour of ramucirumab.

Conclusions: We report one of the most comprehensive data sets of QoL and symptom burden

in patients undergoing systemic therapy for advanced HCC. Ramucirumab was associated

with no worsening of QoL. In patients with baseline AFP �400 ng/mL, the significant survival

benefit observed in patients treated with ramucirumab was coupled with a trend in patient-

focused outcome benefits.

Clinical trial registration: NCT01140347.

ª 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Hepatocellular carcinoma (HCC) constitutes a signifi-

cant global disease burden, with an estimated 782,000

new cases and 745,000 deaths in 2012, surpassing gastric

cancer as the second most common cause of cancer

death in the world [1]. For patients with advanced HCC
who are not candidates for locoregional therapy, such as

liver resection and transplantation or transarterial

(chemo) embolisation, systemic therapy with sorafenib

is currently the standard of care. This is based on two

randomised controlled trials (RCTs) [2,3] showing

overall survival benefits of sorafenib over placebo.

However, for both studies, another important end-

point, time to symptomatic progression, was not
significantly different between the two arms. This end-

point was also included as a co-primary outcome with

overall survival in the pivotal SHARP study [2].

Cancer-related symptoms and the associated impact

on health-related quality of life (QoL) in patients with

HCC are complex. Overall effects can be related to the

background liver disease and cancer burden, as well as

treatment-related adverse reactions. Patients with liver
disease including cirrhosis or hepatitis virus infection

could have compromised QoL at baseline. Compared

with the general population, patients with HCC have

worse QoL in physical, psychological, functional well-

being and hepatobiliary symptoms [4]. Even compared

with patients who had chronic liver disease, patients
with HCC had worse physical well-being and overall

QoL [4].

Although QoL data have been reported for systemic

therapy, including octreotide and tamoxifen [4],

comprehensive QoL data are sparse for more contem-

poraneous targeted therapy. Even for sorafenib, apart

from time to symptomatic progression, no further

detailed QoL data have been published from the two
pivotal RCTs. In other recently published RCTs evalu-

ating brivanib [5,6], everolimus [7], erlotinib [8], suniti-

nib [9], linifanib [10] and regorafenib [11], very limited or

no QoL data were reported.

Ramucirumab is a monoclonal antibody targeting

against vascular endothelial growth factor (VEGF) re-

ceptor 2. REACH was a multinational phase III RCT

evaluating ramucirumab plus best supportive
care versus placebo plus best supportive care as second-

line treatment for patients with advanced HCC who had

disease progression during or after sorafenib or were

intolerant to sorafenib [12]. In the intention-to-treat

(ITT) population, there was no overall survival benefit

for ramucirumab over placebo (hazard ratio [HR] 0.87;

P Z 0.14). However, in a protocol pre-defined patient

subpopulation with serum alpha-fetoprotein (AFP)
�400 ng/mL, there was a statistically and clinically

meaningful survival advantage for ramucirumab over

placebo (HR 0.67; P Z 0.006) [12]. Herein, we report
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patient-focused outcome measures, including QoL and

performance status (PS), from the REACH study.

2. Methods

2.1. Study design and patients

The REACH study design has been published previously

[12]. Patients included in this study were at least 18 years

of age with histologically or cytologically confirmed

advanced HCC, stage B or C Barcelona Clinic Liver
Cancer score, and a Child-Pugh score of less than 7

(Child-Pugh A). At study entry, patients were required to

have an Eastern Cooperative Oncology Group PS of 0 or

1, prior sorafenib therapy, documented disease progres-

sion during or after discontinuation of sorafenib

therapy or had discontinued sorafenib therapy after an

adverse drug reaction despite dose reduction.

2.2. Procedures

Patients were randomised 1:1 to receive ramucirumab

8 mg/kg or placebo intravenously on day 1 of a 2-week

cycle until disease progression, unacceptable toxicity, or

withdrawal of consent. All patients received supportive

care without active cytotoxic therapy. Clinician-assessed

PS was collected at baseline, before every cycle, and at

the end of study treatment. Local radiological imaging
was performed at baseline, every 6 weeks during the first

6 months of treatment, and every 9 weeks thereafter.

Patient-reported outcomes, including cancer-related

symptoms and health-related QoL, were assessed using

the FHSI-8 and the EuroQoL (EQ-5D). These assess-

ments were made at baseline, before cycle 4 (approxi-

mately 6 weeks following the first infusion of study

therapy), and every 12 weeks thereafter (every 6 cycles)
until the end of study therapy. An end of treatment visit

occurred within 7 d after the decision was made to dis-

continue all study therapy. The instruments were

administered together and in sequential order, with the

FHSI-8 presented first followed by presentation of the

EQ-5D.

FHSI-8 was a self-administered questionnaire with

specific focus on the most frequent and concerning
symptoms experienced by patients with hepatobiliary

malignancies [13]. This 5-point assessment (scored 0 to

4) for eight symptoms included symptoms more specific

to hepatobiliary cancer (jaundice and stomach pain/

discomfort) and some that were associated with gener-

alised advanced/metastatic malignancy (weight loss and

fatigue). The total score (range 0e32) was calculated as

a simple summation of eight symptom items, with a
higher score representing fewer symptoms according to

scoring guidelines. The minimally important differences

(MIDs) in FHSI-8 scores had been previously reported

as 2 to 3 points [14].

The EQ-5D version used in REACH is a validated

QoL assessment consisting of a descriptive system and

visual analogue scale (VAS) [15]. The descriptive system

scale is comprised of the following five dimensions:

mobility, self-care, usual activities, pain/discomfort and

anxiety/depression. Each dimension has three levels of

severity. Each EQ-5D health state was converted to a

single summary utility score by applying a formula that
attaches weights to each of the answers in each dimen-

sion. The VAS is a vertical scale wherein end-points are

labelled ‘best imaginable health state’ and ‘worst imag-

inable health state.’ Index-based summary score is

typically interpreted along a continuum where 1 repre-

sents best possible health and 0 represents dead [16]. The

MIDs in EQ-5D have been reported as 0.06 to 0.08 for

EQ-5D index and 0.07 for EQ-5D VAS in all cancers,
with the lower bounds likely to represent a closer esti-

mate of true MIDs [16].

2.3. Statistical considerations

Overall survival was analysed using a log-rank test

stratified by randomisation strata. In patients with

baseline AFP �400 ng/mL, survival analysis was pre-

specified in the protocol. Percentage of compliance with

FHSI and EQ-5D was calculated as the number of

completed assessments divided by the number of ex-

pected assessments (patients still on study).

For cancer-related symptoms and QoL, descriptive
analyses were assessed at each cycle, as well as the

change from baseline. Time to FHSI-8 deterioration was

defined as the time from the randomisation date to the

first date with a �3-point decrease (based on 32-point

scale) from baseline. Three or more points difference

was chosen based on previously reported MID in HCC

[14]. Any missing values were excluded from the anal-

ysis. The individual symptom analysis compared time to
deterioration of each FHSI-8 item between treatment

arms, with the deterioration threshold defined as 0.5

standard deviation of baseline scores of each item [17].

In case of no FHSI-8 deterioration, the subject was

censored at the time of the last FHSI recording. Time to

PS deterioration between treatment arms was defined as

the time from the randomisation date to the first date

that a change to PS � 2 was observed. KaplaneMeier
method and Cox proportional hazards regression model

were used to assess time to deterioration [18,19]. In case

of no PS greater than 2, the subject was censored at the

time of the last PS recording. Time to FHSI-8 deterio-

ration and PS deterioration was assessed for the ITT

population and the subpopulation of patients with

baseline AFP �400 ng/mL. Analysis of FHSI-8 associ-

ation with tumour response was determined by using the
FHSI-8 score most proximal to the determination of

best tumour response according to Response Evaluation

Criteria In Solid Tumors criteria [20]. The relationship

between FHSI-8 and best tumour size change was
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estimated by using simple linear regression and report-

ing the slope and statistical significance of the derived

linear relationship.

3. Results

Between November 2010 and April 2013, 565 patients

were enrolled in the REACH study, with 283 randomly

assigned to ramucirumab and 282 to placebo. Table 1

shows baseline characteristics for each treatment group

for the ITT population and the subpopulation of pa-

tients with baseline AFP �400 ng/mL. Baseline char-
acteristics were balanced between the two treatment

groups for both populations. Table 2 shows the FHSI-8

and EQ-5D assessment compliance rates. Compliance

was high at the pre-specified measurement time points.

Due to the rapidly progressive nature of the disease in

this setting, fewer patients were expected to complete the

QoL assessment at cycles 10 and 16 although the

compliance rates remained high. Most patients were
able to complete the QoL instruments at their individual

end of treatment visit, and thus the number of patients

was higher at the end of treatment measurement than at

cycle 16.

Table 3 shows the FHSI-8 total scores. In the ITT

population, the mean end of treatment FHSI-8 score

change from baseline was numerically slightly greater in

the placebo group compared with the ramucirumab
group (P Z 0.3722), although the changes in both arms

were less than the MID of 2e3 for FHSI-8 scores. In

patients with baseline AFP �400 ng/mL, the magnitude

of deterioration of the FHSI-8 score from baseline was

more pronounced in the placebo group compared with

the ramucirumab group. The mean deterioration of

�3.73 in the placebo group was deemed to be higher

than the MID of 2e3 for the FHSI-8 score. Ramucir-

umab significantly reduced deterioration in FHSI-8 at

the end of treatment compared with placebo
(P Z 0.0381).

Table 1
Patient baseline demographics and clinical characteristics.

Baseline demographics ITT AFP �400 ng/mL

Ramucirumab (N Z 283) Placebo (N Z 282) Ramucirumab (N Z 119) Placebo (N Z 131)

Age (years), median (range) 64 (28e87) 62 (25e85) 61 (34e84) 60 (25e83)

Gender (male), n (%) 236 (83.4) 242 (85.8) 92 (77.3) 110 (84.0)

Race, n (%)

White 139 (49.1) 137 (48.6) 50 (42.0) 49 (37.4)

African American Included in other Included in other 1 (0.8) 0 (0)

Asian 131 (46.3) 135 (47.9) 66 (55.5) 78 (59.5)

Other 13 (4.6) 10 (3.5) 2 (1.7) 4 (3.1)

ECOG PS, n (%)

0 159 (56.2) 153 (54.3) 60 (50.4) 63 (48.1)

1 124 (43.8) 129 (45.7) 59 (49.6) 68 (51.9)

Child-Pugh Class A, n (%) 277 (97.9) 276 (97.9) 115 (96.6) 129 (98.5)

Baseline BCLC score, n (%)

Stage B 33 (11.7) 34 (12.1) 11 (9.2) 9 (6.9)

Stage C 250 (88.3) 248 (87.9) 108 (90.8) 122 (93.1)

Macrovascular invasion present, n (%) 82 (29.0) 79 (28.0) 43 (36.1) 44 (33.6)

Extrahepatic spread present, n (%) 207 (73.1) 200 (70.9) 85 (71.4) 101 (77.1)

Aetiology of liver diseasea, n (%)

Hepatitis B 100 (35.3) 101 (35.8) 53 (44.5) 66 (50.4)

Hepatitis C 77 (27.2) 77 (27.3) 35 (29.4) 28 (21.4)

Otherb 106 (37.5) 104 (36.9) 46 (38.7) 49 (37.4)

Abbreviations: AFP, alpha-fetoprotein; BCLC, Barcelona Conference Liver Cancer; ECOG PS, Eastern Cooperative Oncology Group perfor-

mance status; ITT, intention-to-treat; N, number of patients in the ITT population.
a As reported on the case report form.
b Other includes significant alcohol use, steatohepatitis, haemochromatosis, other, and unknown.

Table 2
Compliance for FHSI-8 and EQ-5D assessment.

QoL

assessment

ITT AFP �400 ng/mL

Ramucirumab Placebo Ramucirumab Placebo

FHSI-8

compliance, n of expected (%)

Baseline 272 (96.1) 267 (94.7) 118 (99.2) 124 (94.7)

Cycle 4 164 (88.6) 142 (84.5) 64 (92.8) 55 (85.9)

Cycle 10 72 (78.3) 43 (81.1) 22 (84.6) 10 (76.9)

Cycle 16 48 (78.7) 24 (77.4) 18 (90.0) 7 (77.8)

End of

treatment

172 (62.1) 201 (72.8) 80 (67.2) 98 (76.6)

EQ-5D

compliance, n of expected (%)

Baseline 273 (96.5) 267 (94.7) 118 (99.2) 124 (94.7)

Cycle 4 163 (88.1) 143 (85.1) 64 (92.8) 55 (85.9)

Cycle 10 74 (80.4) 43 (81.1) 22 (84.6) 10 (76.9)

Cycle 16 48 (78.7) 25 (80.6) 18 (90.0) 7 (77.8)

End of

treatment

172 (62.1) 200 (72.5) 80 (67.2) 98 (76.6)

Abbreviations: AFP, alpha-fetoprotein; EQ-5D, EuroQol; FHSI-8,

FACT Hepatobiliary Symptom Index; ITT, intention-to-treat; QoL,

quality of life.
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An analysis of tumour response and FHSI-8

demonstrated a linear association between FHSI-8
symptom deterioration and change in tumour size in

the ITT population (slope Z 0.1312; P Z 0.0023;

Fig. 1A). This linear association was also observed in

patients with baseline AFP �400 ng/mL

(slope Z 0.1979; P Z 0.0057; Fig. 1B). Thus, patients

with tumour progression were more likely to experience

worse cancer-related symptom burden.

Table 4 shows the EQ-5D summary index and VAS
scores. In the ITT population, the mean change for EQ-

5D summary index was �0.129 and �0.144 for ramu-

cirumab and placebo, respectively, compared with

baseline. In patients with baseline AFP �400 ng/mL, the

magnitude of deterioration was more pronounced on the

placebo arm, with a mean change of �0.120 and �0.191

for ramucirumab and placebo, respectively.

For both ramucirumab and placebo groups, QoL as
measured by the EQ-5D was maintained while patients

were active on study treatment (i.e. before disease pro-

gression), but the decline in QoL was notable at the end

of treatment visits. The decline of the EQ-5D scores at

end of treatment suggests a correlation with disease

progression, which was the most common reason (79%

of patients) to discontinue study treatment.

In the ITT population, there was no significant
difference in the time to first deterioration in FHSI-8

total score �3 between ramucirumab and placebo (HR

1.037; 95% CI: 0.802e1.341; P Z 0.782; Fig. 2A). The

median time was 3.2 months for ramucirumab and 3.1

months for placebo. In patients with baseline AFP

�400 ng/mL, there was a trend towards more pro-

longed time to first deterioration in FHSI-8 total score

�3 in favour of ramucirumab (HR 0.690; 95% CI:
0.470e1.014; P Z 0.054; Fig. 2B). The median time

was 2.9 months for ramucirumab and 1.6 months for

placebo.

In the ITT population, there was no significant dif-

ference in the time to first deterioration in PS � 2 be-

tween ramucirumab and placebo (HR 0.891; 95% CI:

0.651e1.220; P Z 0.471) (Fig. 3A). Although there were

a large number of censored events, suggesting many
patients had documented radiological disease progres-

sion and came off study before the documentation of PS

deterioration, sensitivity analysis showed missing data

had no impact on the results. In patients with baseline

Table 3
FHSI-8 total scores.

FHSI-8 scores ITT AFP �400 ng/mL

Ramucirumab Placebo Ramucirumab Placebo

FHSI-8 total score, mean (SD)

Baseline 26.17 (4.898) 26.70 (4.647) 25.84 (5.030) 25.92 (4.978)

Cycle 4 25.98 (4.251) 26.28 (5.313) 25.86 (4.196) 25.52 (4.846)

Cycle 10 26.30 (4.731) 27.54 (4.043) 25.82 (4.807) 27.80 (4.686)

Cycle 16 26.50 (4.861) 28.50 (3.050) 25.24 (5.389) 28.29 (3.147)

End of treatment 23.66 (5.964) 24.28 (6.552) 23.80 (5.685) 22.58 (6.560)

End of treatment FHSI-8 score

change from baseline, mean (SD)

�2.44 (5.561) �2.86 (5.618) �2.21 (5.627) �3.73 (5.875)

P-value from t-test for end of

treatment FHSI-8 score change from baseline

0.3722 0.0381

Abbreviations: AFP, alpha-fetoprotein; FHSI-8, FACT Hepatobiliary Symptom Index; ITT, intention-to-treat; SD, standard deviation.
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Fig. 1. (A) Percent change from baseline in best tumour measure

versus percent change from baseline in FHSI score at best tumour

measure in ITT population. (B) Percent change from baseline in

best tumour measure versus percent change from baseline in FHSI

score at best tumour measure in patients with baseline AFP

�400 ng/mL. AFP, alpha-fetoprotein; FHSI, Functional Assess-

ment in Cancer Therapy (FACT) Hepatobiliary Symptom Index;

ITT, intention-to-treat.
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AFP �400 ng/mL, there was once again a trend towards

more prolonged time to first deterioration in PS � 2 in

favour of ramucirumab (HR 0.642; 95% CI:
0.405e1.017; P Z 0.057; Fig. 3B).

Fig. 4 shows a summary of time to deterioration of

individual FHSI-8 symptom items in patients with

baseline AFP �400 ng/mL. With each item, there

appeared to be a trend towards benefit with ramucir-

umab, with the most notable being delayed worsening of

pain.

4. Discussion

In the ITT analysis of patient-focused outcomes, there

were no significant treatment differences in FHSI-8, EQ-

5D, time to symptomatic deterioration, and PS deteri-

oration. However, in the pre-specified subpopulation of

patients with baseline AFP �400 ng/mL, ramucirumab
significantly reduced deterioration in FHSI-8 at the end

of treatment compared with placebo (P Z 0.0381), and

there was a trend towards more prolonged time to

symptom and PS deterioration in favour of ramucir-

umab. In addition, increase in tumour size was coupled

with deterioration of cancer-related symptoms as

measured by FHSI-8 assessment. Demonstrating the

biological plausibility of the symptom improvement
with tumour size changes enhances the sense of

robustness for the strong time to deterioration results

seen with the FHSI-8. Therefore, in this subgroup, not

only was a significant survival benefit observed with

ramucirumab (HR 0.67; P Z 0.006), the survival benefit

appears to be coupled with benefits in patient-focused

outcome (i.e. delay in worsening of disease-related
symptoms and PS).

The FACT-Hep, originally developed to assess

disease-specific issues in hepatobiliary cancers [21], was

a 45-item self-report instrument to measure QoL in this

particular group of patients. The eight most commonly

endorsed items were retained in this symptom index,

comprising pain, weight loss, nausea, jaundice, back

pain, stomach pain/discomfort, and two fatigue items
(lack of energy and feeling fatigued), to form the FHSI-

8. Higher scores reflected better QoL or fewer symp-

toms. In addition, there were significant correlations

between better QoL scores and better patient-assessed

PS. Nevertheless, in the original development of

FACT-Hep and FHSI, notably only approximately 20%

of the patients in the validation set had HCC and a

larger proportion (nearly 40%) of patients had meta-
static colorectal cancer [13,21].

However, the reliability of FACT-Hep and FHSI-8

were validated in an independent cohort of predomi-

nantly HCC patients (85%) [14]. Importantly, this study

established the MID estimates to be 2 to 3 points for

FHSI. In addition, patients in this study underwent

liver-directed locoregional therapy with TACE or 90-

Yttrium microspheres and not systemic therapy.
Nevertheless, FHSI was used in assessing systemic

treatment in both our current REACH study as well as

other pivotal RCTs in HCC [2,3].

Table 4
EQ-5D summary index and VAS scores.

EQ-5D scores ITT AFP �400 ng/mL

N Ramucirumab N Placebo N Ramucirumab N Placebo

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

EQ-5D index score

Baseline 271 0.783 (0.218) 266 0.827 (0.191) 116 0.778 (0.215) 123 0.807 (0.202)

Cycle 4 168 0.782 (0.225) 146 0.795 (0.245) 68 0.792 (0.207) 54 0.753 (0.271)

Cycle 10 74 0.788 (0.255) 46 0.867 (0.131) 21 0.804 (0.254) 10 0.887 (0.123)

Cycle 16 49 0.806 (0.240) 25 0.871 (0.106) 18 0.810 (0.196) 7 0.896 (0.102)

End of treatment 168 0.672 (0.315) 193 0.705 (0.309) 78 0.688 (0.314) 95 0.635 (0.314)

Change from baseline in EQ-5D index score

Cycle 4 166 �0.038 (0.189) 145 �0.046 (0.245) 67 �0.031 (0.208) 53 �0.071 (0.277)

Cycle 10 71 �0.054 (0.212) 45 0.003 (0.148) 21 �0.024 (0.206) 10 0.034 (0.191)

Cycle 16 47 �0.062 (0.214) 25 �0.012 (0.085) 18 �0.028 (0.192) 7 �0.009 (0.114)

End of treatment 166 �0.129 (0.290) 190 �0.144 (0.280) 77 �0.120 (0.320) 93 �0.191 (0.297)

EQ-5D VAS score

Baseline 271 72.0 (18.15) 265 72.6 (17.93) 117 73.2 (17.72) 124 72.1 (18.96)

Cycle 4 167 72.8 (18.02) 148 73.1 (18.70) 68 73.7 (17.23) 56 70.9 (16.96)

Cycle 10 75 73.9 (18.75) 46 78.4 (16.35) 22 74.5 (20.05) 10 84.9 (13.30)

Cycle 16 49 77.4 (18.82) 25 81.1 (12.04) 18 73.8 (24.91) 7 87.4 (9.09)

End of treatment 169 62.4 (20.30) 199 65.7 (20.31) 79 62.7 (20.56) 98 61.9 (19.78)

Change from baseline in EQ-5D VAS score

Cycle 4 165 �1.2 (16.37) 146 �1.3 (18.39) 67 �2.4 (19.91) 55 �4.0 (18.59)

Cycle 10 72 �2.0 (13.46) 45 3.8 (15.58) 22 �0.8 (17.24) 10 8.0 (11.60)

Cycle 16 47 �0.2 (17.16) 25 3.6 (13.41) 18 �0.2 (23.86) 7 7.6 (10.50)

End of treatment 168 �10.8 (19.18) 196 �9.0 (18.26) 79 �11.8 (21.27) 97 �11.9 (18.42)

Abbreviations: AFP, alpha-fetoprotein; EQ-5D, EuroQoL; ITT, intention-to-treat; SD, standard deviation; VAS, visual analogue scale.
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For the EQ-5D assessment, there was evidence in our
data that patients experiencing radiological disease

progression also noticed deterioration in QoL, which

was greater than the MID. Although intuitively one

would have expected this in advanced cancers, it is in

fact poorly documented in published literature. In a

recent systematic review [22], only four studies assessed

this: one in colorectal cancer (panitumumab); two in

breast cancer (lapatinib); and one in renal cell cancer
(pazopanib) across all solid tumours. All reported that

being progression-free had a statistically significant

positive association with better QoL, with or without

decreased disease symptoms. However, there could be

publication bias. In the REACH study, there was a

significant improvement in progression-free survival for

ramucirumab in the ITT population and the subpopu-

lation of patients with baseline AFP �400 ng/mL [12];
the relatively long interval between QoL assessments

might have precluded detection of QoL differences

between the two arms. Clinically important differences

could have been missed, especially when only 12 weekly

assessments were made in the latter part of patient study

participation in a disease setting with a very short

progression-free interval. We did not assess time to

deterioration of EQ-5D scores since FHSI was more

specific to HCC compared with the more generic EQ-
5D.

In recent years, many large-scale RCTs have been

performed to assess novel systemic agents to improve

the outcome of patients with advanced HCC not

amenable to locoregional liver-directed therapy. Yet,

very sparse QoL data have been reported. In SHARP [2]

and AsiaePacific [3] studies, only time to deterioration

of FHSI scores was reported. The studies, however,
defined deterioration as �4 points decline in FHSI

scores. No other QoL data have been published from

these two pivotal studies of sorafenib. Only through

observational data has there been a suggested impact of
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Fig. 2. (A) Time to first deterioration in FHSI-8 total score in ITT

population. (B) Time to first deterioration in FHSI-8 total score in

patients with baseline AFP � 400 ng/mL. AFP, alpha-fetoprotein;

BSC, best supportive care; CI, confidence interval; FHSI-8,

Functional Assessment in Cancer Therapy (FACT) Hep-

atobiliary Symptom Index; HR, hazard ratio; ITT, intention-to-

treat.
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Fig. 3. (A) Time to first deterioration in ECOG PS in ITT pop-

ulation. (B) Time to first deterioration in ECOG PS in patients

with baseline AFP �400 ng/mL. AFP, alpha-fetoprotein; BSC,

best supportive care; CI, confidence interval; ECOG PS, Eastern

Cooperative Oncology Group performance status; HR, hazard

ratio; ITT, intention-to-treat.
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sorafenib toxicity on QoL in the first week of therapy

[23]. Subsequent first-line RCTs only reported physical

and role function as measured by EORTC QLQc30 in

the BRISK-FL study evaluating brivanib [6]. Three

other studies reporting no QoL data yet evaluated
erlotinib [8], sunitinib [9] and linifanib [10]. A total of

4857 patients were recruited in these first-line studies. In

second-line studies, no QoL data were reported from the

BRISK-PS study evaluating brivanib [5], whereas

another study evaluating everolimus only reported time

to 5% deterioration in global QoL and physical function

scales as measured by EORTC QLQc30 [7]. A total of

941 patients were enrolled in these studies. Hence, our
current report provides an important and much more

comprehensive source of QoL data in patients with

advanced HCC undergoing systemic treatment. Another

strength of our study was the placebo-controlled study

design, which allowed an appreciation of symptom

burden from the disease alone (placebo arm) rather than

with the addition of toxicities from active treatment.

Most recently, the RESORCE study reported a survival
benefit in favour of regorafenib in patients who pro-

gressed after first-line sorafenib [11]. Patients had to be

able to tolerate sorafenib to be eligible. However, there

was a statistically significant worsening of QoL for

regorafenib compared with placebo despite overall sur-

vival benefit and ability to tolerate sorafenib.

There are several limitations in our analysis.

Although compliance was high for assessable patients,
the absolute number of patients eligible for assessment

became very low for cycles 10 and 16 due to the rapidly

progressive nature of the disease. As the first treatment

assessment was only performed 6 weeks from random-

isation, this might not have captured early treatment-

related toxicity and its impact on patients’ QoL as could

be seen with sorafenib [14]. It was unknown how missing

data might have impacted results. A high proportion of
censored patients in the assessment of time to PS

deterioration might have resulted from patients taken

off study due to radiological progression before PS

deterioration.

In conclusion, we report one of the most compre-

hensive data sets of QoL and symptom burden in pa-
tients undergoing systemic therapy for advanced HCC.

Ramucirumab treatment was associated with mainte-

nance of QoL in this group of patients. In patients with

baseline AFP �400 ng/mL, a significant survival benefit

was observed with ramucirumab coupled with benefits

in patient-focused outcome.
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Abstract There is great geographical variation in the dis-

tribution of hepatocellular carcinoma (HCC), with the

majority of all cases worldwide found in the Asia–Pacific

region, where HCC is one of the leading public health

problems. Since the ‘‘Toward Revision of the Asian Pacific

Association for the Study of the Liver (APASL) HCC

Guidelines’’ meeting held at the 25th annual conference of

the APASL in Tokyo, the newest guidelines for the

treatment of HCC published by the APASL has been dis-

cussed. This latest guidelines recommend evidence-based

management of HCC and are considered suitable for uni-

versal use in the Asia–Pacific region, which has a diversity

of medical environments.
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Introduction

Liver cancer is currently the second most common cause of

cancer-related death worldwide [1], and hepatocellular

carcinoma (HCC) accounts for more than 90% of liver

cancers [2]. There has been a marked increase in HCC-

related annual death rates during the past two decades, with

the majority of all cases of HCC worldwide found in the

Asia–Pacific region [3]. Thus, HCC represents a major

public health problem in the Asia–Pacific region.

The Asian Pacific Association for the Study of the Liver

(APASL) HCC guidelines were published in 2010 [4],

being the oldest of the major guidelines. The ‘‘Toward

Revision of the APASL HCC Guidelines’’ meeting was

held at the 25th annual conference of the APASL in Tokyo

on February 23, 2016. The attendees consisted of expert

hepatologists, hepatobiliary surgeons, radiologists, and

oncologists from the Asia–Pacific region. These members

have discussed and debated the contents of the newest

guideline. The new guideline is evidence based and is

considered to be generally accepted in the Asia–Pacific

region, which has a diversity of medical environments. The

evidence and recommendations in the guideline have been

graded according to the Grading of Recommendations

Assessment, Development and Evaluation (GRADE) sys-

tem (Table 1) [5, 6]. The finalized recommendations for

the management of HCC are presented in this review.

Epidemiology and risk factors

Liver cancer is the sixth most common cancer worldwide,

being the fifth most common in males (7.5% of total) and

the ninth in females (3.4% of total) [7]. Each year,

approximately 78,200 new cases are diagnosed [7]. The

prognosis for liver cancer is very poor (overall mortality

to incidence rate, 0.95). The most frequent type is HCC, a

cancer derived from liver hepatocytes. There are other

types of liver cancer, such as intrahepatic cholangiocar-

cinoma (derived from biliary cells), sarcomas, and so

forth, which should also be taken into account. World-

wide, approximately 80% of HCC cases are caused by

hepatitis B virus (HBV) and/or hepatitis C virus (HCV)

infection, especially in the setting of established cirrhosis

or advanced fibrosis. The highest age-adjusted incidence

rates ([20/100,000) are recorded in East Asia (North and

South Korea, China, and Vietnam) and sub-Saharan

Africa [8]. Approximately 75% of liver cancers occur in

Asia, with China accounting for more than 50% of the

world’s burden [9]. The incidence of HCC is likely to

increase over the next 10–20 years and to peak around

2030.

The global age distribution of HCC varies by region,

sex, and etiology. Globally, the rate of males suffering

from HCC is higher than that of females, with male-to-

female ratio ranging between 2:1 and 4:1, with the differ-

ence being much greater in high-risk areas. The sex dis-

parity in rates is not well understood, although most liver

cancer risk factors are more prevalent in males than

females. Differences in sex steroid hormones, immune

responses, and epigenetics could be related to the higher

rates among males. These variations of age-specific pat-

terns are likely related to the differences in the dominant

hepatitis virus in the population, the age at viral infection,

as well as the existence of other risk factors. In addition to

sex differences, racial/ethnic disparity within multiethnic

populations is also notable. Rates of liver cancer among

persons of the same ethnicity also vary by geographic

location; For example, liver cancer rates among Chinese

populations outside China are lower than the rates reported

by Chinese registries.

The single largest risk factor for development of HCC is

cirrhosis of any etiology, which is present in 70–90% of

those who have primary liver cancer [10]. In Africa and

Asia, where HBV is endemic, 60% of HCC is associated

with HBV, 20% is related to HCV, and the remaining is

distributed among other risk factors. The risk of HCC

developing among patients chronically infected with HBV

ranges from 10- to 100-fold greater compared with the

rates in uninfected people, depending on the markers and

populations that are evaluated. In HCV infection, the rel-

ative risk (RR) for HCC developing in patients with sero-

logically confirmed HCV infection is estimated to be

17-fold. The effect of high rates of alcohol abuse in Asia

(as in the rest of the world) and the recent (10–15 year)

obesity and type 2 diabetes mellitus (DM) epidemic in

Asia may increase the HCC incidence in the next 25 years.

In addition, patients who have multiple risk factors are not

uncommon in the Asia–Pacific region [i.e., HBV/HCV,

alcohol/HBV or HCV, DM/HBV or HCV, and HCV/hu-

man immunodeficiency virus (HIV)].

The incidence of HCC has remained the same over the

last 20 years in most Asian–Pacific countries, except

Singapore, where the incidence for males and females has

fallen over the last 30 years. China and Taiwan have

reported increasing incidence of HCC for males and

females. This may be due to increasing awareness of

reporting and better screening services. The country with

the highest incidence rate, however, is Mongolia, with an

age-standardized rate per 100,000 persons of 78.1.
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Even within specific geographic regions, however, there

is great variability. In Australia, as in the USA, tradition-

ally very low-incidence regions, there has been a sub-

stantial increase (two- to threefold) in HCC incidence over

the last 25 years, most probably due to immigration of

people from the Asia–Pacific and other regions with high

prevalence rates of chronic HBV infection, but also due to

the epidemics of chronic HCV infection, possibly obesity,

and DM.

Risk factors for HCC

HBV

Several meta-analyses have demonstrated that the risk of

HCC is 15–20 times greater among HBV-infected individ-

uals compared with the uninfected population [11]. Coun-

tries with chronic HBV infection prevalence greater than 2%

have increased incidence and mortality rates of HCC [12].

Case–control studies in all regions of Asia have shown that

chronic HBV infection is significantlymore common among

HCC cases than controls with odds ratios (ORs) ranging

between 5:1 and 65:1 [13]. Similarly, prospective studies of

HBV carriers have consistently demonstrated high RRs for

HCC, ranging from 5 to 103 [14].

The lifetime risk of HCC among chronic HBV-infected

patients is estimated to be 10–25% [15]. Several factors

have been reported to increase the HCC risk among HBV

carriers, including demographics (male sex, older age,

Asian or African ancestry, family history of HCC), viral

[higher levels of HBV replication; HBV genotype; longer

duration of infection; coinfection with HCV, HIV, or

hepatitis D virus (HDV)]; clinical (cirrhosis), and envi-

ronmental or lifestyle factors (exposure to aflatoxin, heavy

alcohol drinking, or tobacco smoking).

Risks of HCC among HBV-infected patients vary by

several factors, the major one being serum HBV-DNA

levels. Although there is no discrete cutoff level, having

greater than Log10 5/mL viral copies confers a 2.5- to

threefold greater risk over an 8- to 10-year follow-up

period than does having a lower viral load [14]. The

cumulative incidence of HCC increases with serum HBV-

DNA levels. A recent hospital-based cohort study further

validated the HCC risk, showing it started to increase when

the HBV-DNA level was higher than 2000 IU/mL [16].

In addition to HBV-DNA levels, the clinical significance

of quantitative hepatitis B surface antigen (HBsAg) has

become increasingly recognized. Data from the Risk

Evaluation of Viral Load Elevation and Associated Liver

Disease/Cancer–Hepatitis B Virus (REVEAL–HBV) and

the ERADICATE-B study all showed that serum HBsAg -

C 1000 IU/mL and HBV-DNA levels are complementary

markers in predicting disease progression to cirrhosis and

HCC [17, 18]. Cumulative HCC risk from age 30 to

70 years is estimated to be 87% for those persistently pos-

itive for HBsAg and hepatitis B envelope antigen (HBeAg),

12% for those persistently positive for HBsAg only, and 1%

for those negative for HBsAg [19]. Therefore, prolonged

duration of HBeAg positivity or high HBV-DNA levels

may be associated with increased risk of HCC.

In multiple population-based studies, genotype C has

been associated with higher risk of HCC than genotypes A,

B, and D [20, 21]. In studies controlled for genotype,

double mutations in the basal core promoter of the HBV

genome were independent predictors of increased risk [22].

Mutations in the precore region of the viral genome also

have been associated with risk, although less consistently

so [23]. A study in Taiwan reported the importance of

perinatal transmission of HBV and maternal virus load as a

risk factor for HBV carcinogenesis in a familial clustering

of HCC [24]. A family history of liver cancer, particularly

Table 1 Grading of evidence and recommendations (adapted from the GRADE system [5, 6])

Notes Symbol

Grading of evidence

High quality Further research is very unlikely to change our confidence in the estimate of effect A

Moderate quality Further research is likely to have an important impact on our confidence in the estimate of effect and may

change the estimate

B

Low or very low quality Further research is very likely to have an important impact on our confidence in the estimate of effect and

is likely to change the estimate. Any estimate of effect is uncertain

C

Grading of

recommendation

Strong recommendation

warranted

Factors influencing the strength of the recommendation included the quality of the evidence, presumed

important patient outcomes, and cost

1

Weaker

recommendation

Variability in preferences and values, or more uncertainty: more likely a weak recommendation is

warranted. Recommendation is made with less certainty; higher cost or resource consumption

2

Hepatol Int (2017) 11:317–370 319

123

－477－



among first-degree relatives, in HBV-infected individuals

has been shown to increase the incidence of HCC.

Prevention of chronic HBV infection via vaccination

drastically reduces the risk of HCC. In Taiwan, 30 years

after the initiation of universal newborn vaccination, HBV

carrier rates in persons younger than age 30 have decreased

from 10–17% to 0.7–1.7% and rates of HCC have

decreased by 80% [25].

Several host and viral factors predictive of HCC risk

have been identified, and the Risk Estimation for Hepato-

cellular Carcinoma in Chronic Hepatitis B (REACH-B)

study has developed and validated a predictive score for the

risk of development of HCC in 3584 noncirrhotic chronic

HBV Taiwanese and a validation cohort with 1050 patients

with chronic HBV [26]. The 17-point risk score is com-

posed of five predictors of HCC, including male sex, age,

serum alanine aminotransferase (ALT) level, HBeAg sta-

tus, and serum HBV-DNA level. The risk score can pre-

cisely estimate the risk of HCC development at 3, 5, and

10 years of follow-up.

Baseline liver stiffness values could be an independent

predictor of HCC in patients with chronic HBV infection,

where the 3-year cumulative incidence of HCC was sig-

nificantly higher in patients with a higher liver stiffness

value [27]. A recent Korean study included 1250 chronic

HBV patients with baseline liver stiffness values to con-

struct a predictive model for HCC occurrence based on a

Cox proportional hazards model [28]. By using multivari-

ate analysis, age, male sex, and liver stiffness values were

independent predictors of HCC, whereas HBV-DNA levels

[20,000 IU/L showed borderline statistical significance. A

predictive model for HCC was developed using these four

variables, with a correlation coefficient of 0.905 between

predicted and observed risks of HCC occurrence.

It is currently clear that antiviral therapy reduces but

does not eliminate the risk of HCC in chronic HBV patients

with or without cirrhosis. Emerging data with the currently

first-line nucleos(t)ide analogs, entecavir and tenofovir,

suggest that the risk of HCC is also reduced under long-

term therapies with these agents [29, 30]. The treatment

benefit from the reduction of HCC incidence is always

greater in patients with high baseline HCC risk, particularly

those with cirrhosis. In addition, the reduction of HCC

incidence under a high genetic barrier nucleos(t)ide analog

is higher in the vast majority of patients who will achieve

virological remission compared with those who may

maintain detectable viral replication.

HCV

Prospective studies have shown an increased risk of HCC

in HCV-infected cohorts. In Japan, HCV antibody (HCV

Ab)-positive cases of HCC accounted for more than 70%

of cases diagnosed over the last 10 years [31]. Recently, its

incidence has been decreasing. In Korea, approximately

10–20% of HCC patients are positive for HCV Ab. A meta-

analysis of case–control studies showed that individuals

positive for HCV Ab had 17 times the risk of HCC com-

pared with the HCV Ab-negative cohort [32]. HCV appears

to increase the risk of HCC by not only inducing hepatic

inflammation and fibrosis, but also promoting malignant

transformation of infected cells. The risk is highest among

cases with cirrhosis where HCC develops at rate of 1–4%

per year, though rates up to 8% have been reported in Japan

[33]. The Hepatitis C Antiviral Long Term Treatment

Against Cirrhosis (HALT-C) trial showed that 8% of

patients without cirrhosis but with advanced fibrosis

developed HCC [34]. Other risk factors that increase the

risk of HCC in infected patients include male sex, coin-

fection with HIV or HBV, HCV genotype 1b, older age,

presence of DM and obesity, and high level of chronic

alcohol consumption. There is no consistent evidence that

HCV viral load or quasispecies are important in deter-

mining the risk of progression to HCC.

HBV/HCV coinfection

Three meta-analyses have confirmed that patients with dual

HBV/HCV infection have an increased risk of HCC

[11, 35, 36]. Different mechanisms have been hypothesized

as being associated with development of HBV- or HCV-

related HCC. Both viruses could play an active role at

different steps of the carcinogenic process when they are

present together in hepatocytes, and may be synergistic in

causing HCC.

Alcohol

A recent meta-analysis of 19 prospective studies esti-

mated a 16% increased risk of liver cancer among con-

sumers of three or more drinks per day and a 22%

increased risk among consumers of six or more drinks per

day [37]. Higher risks were found even for the lowest

dose of alcohol (25 g/day), corresponding to approxi-

mately two drinks per day [38]. Chronic alcohol use of

more than 80 g per day for longer than 10 years increases

the risk for HCC by fivefold [32]. A recent meta-analysis

showed a dose–response relationship between alcohol

intake and liver cancer with RR of 1.19 [95% confidence

interval (CI) 1.12–1.27], 1.40 (95% CI 1.25–1.56), and

1.81 (95% CI 1.50–2.19) for 25, 50, and 100 g of alcohol

intake per day, respectively [39]. A study from the

University of Michigan confirmed that alcohol consump-

tion had a dose-dependent effect on the risk of HCC; the

risk increased after 1500 g-years of alcohol exposure

(60 g per day for at least 25 years) [40].
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However, there is no safety limit for the effects of

alcohol on the liver. In a study from Japan involving 804

HCC cases, the multivariate-adjusted hazard ratios (HRs;

95% CI) for alcohol intakes of 0.1–22.9, 23.0–45.9,

46.0–68.9, 69.0–91.9, and[92.0 g per day compared with

occasional drinkers were 0.88 (0.57–1.36), 1.06

(0.70–1.62), 1.07 (0.69–1.66), 1.76 (1.08–2.87), and 1.66

(0.98–2.82), respectively [41]. In females who drank more

than 23.0 g per day, a significantly increased risk was

noted when compared with social drinkers (HR 3.60; 95%

CI 1.22–10.66). A meta-analysis of four studies performed

to assess the decline of liver cancer risk over time for

former drinkers found that the risk of liver cancer falls after

cessation by 6–7% a year, but an estimated time period of

23 years is required after drinking cessation before the risk

returns to that of nondrinkers, with a large 95% CI of

14–70 years [42].

Alcohol acts synergistically with preexisting chronic

liver disease, such as HCV, HBV, and fatty liver disease,

as well as lifestyle choices, such as smoking and obesity,

to further increase the risk of HCC in these disease

states. In a retrospective cohort study by Berman et al.

[43], the patients with cirrhosis due to a combination of

HCV and alcohol had a significantly higher risk of HCC

than those with cirrhosis due to alcohol alone (HR 11.2;

95% CI 2.3–55.0). Patients with HCV and alcohol

exposure had a reduced tumor-free survival compared

with those with HCV alone [44]. A multivariate analysis

of 553 patients with HCC and 160 control subjects

affected with HBV from China by Zhu et al. [45]

revealed that heavy alcohol use, smoking, and positive

family history of liver cancer are associated with HCC

development among patients with HBV infection. A

prospective case–control study of 210 subjects from the

University of Michigan found that there was a dose-de-

pendent relationship between alcohol and tobacco expo-

sure with risk of HCC and synergistic index of 3.3 [40].

History of smoking and alcohol abuse worsened prog-

nosis independently of each other, especially in viral

hepatitis-related and early HCC. Abstinence from either

reduced HCC-specific mortality, but only after 10 years

of cessation [46]. An analysis of 2260 Taiwanese males

from the REVEAL-HBV study cohort showed that the

risk of HCC increased synergistically in alcohol users

who had extreme obesity compared with those without

extreme obesity and with nonusers of alcohol [47]. A

study from Italy enrolled 465 HCC patients and com-

pared them with 618 cirrhotic patients without HCC and

490 healthy controls, evaluating the association among

DM and alcohol abuse in the HCC group versus both

control groups. This study showed that, for alcohol abuse

alone, the OR for HCC was 3.7 (95% CI 2.5–5.4) and

49.0 (95% CI 21.5–111.8) in DM with significant alcohol

intake [48].

Nonalcoholic fatty liver disease (NAFLD)

Meta-analyses of DM and HCC have consistently esti-

mated RRs of 2.0–2.5 and have found that the relationship

is consistent across various populations and is independent

of other risk factors [49–51]. Several studies have reported

that obesity is also related to liver cancer [52]. In com-

paring normal-weight persons with overweight and obese

persons, a meta-analysis of 11 cohort studies found sig-

nificant liver cancer risks among overweight and obese

persons [53]. Similarly, a meta-analysis of four studies of

metabolic syndrome and HCC estimated a significant RR

of 1.81 [54]. Although the RRs of DM, obesity, and

metabolic syndrome do not approach those of HCV or

HBV, they are far more prevalent conditions than HCV and

HBV in developed countries. Given the increasing preva-

lence of these conditions, the proportion of HCC related to

obesity, DM, and metabolic syndrome will likely increase

in the future.

The results of recent studies demonstrated that HCC is

more prevalent in the setting of obesity and insulin resis-

tance, and may occur in nonalcoholic fatty liver disease

(NAFLD) patients without cirrhosis. Indeed, in a recent

retrospective cohort study that evaluated trends in HCC

etiology among adult recipients of liver transplantation

(LT) from 2002 to 2012, the number of patients undergoing

LT for HCC secondary to nonalcoholic steatohepatitis

(NASH) increased by nearly fourfold, whereas the number

of patients with HCC secondary to HCV increased by only

twofold [55]. Available data suggest that obesity increases

the risk of HCC 1.5- to fourfold. One large meta-analysis

included seven cohort studies of 5037 overweight subjects

(body mass index 25–30 kg/m2) and ten studies of 6042

obese subjects (body mass index [30 kg/m2); compared

with normal-weight people, HCC risk increased 17% in

those who were overweight and 89% in those who were

obese [53]. In a study from Japan that looked at the

recurrence of HCC after ablation therapy in NASH

patients, increased visceral fat was an independent risk

factor for recurrence of HCC at 3 years (75.1 versus 43.1%

with low visceral fat) [56]. In a similar trend seen in many

studies, type 2 DM was associated with a substantially

increased risk of HCC. Although it is possible that the

increased HCC risk associated with DM seen in these

studies may be mediated through the development of

NAFLD, the presence of multiple pathogenic mechanisms

common to obesity, insulin resistance, and NAFLD sug-

gests that this link may not be mediated through NAFLD

per se.
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Evidence of the development of HCC in noncirrhotic

patients continues to accumulate in case reports or case

series. Obesity, insulin resistance, and the proinflammatory

milieu of NASH may mediate carcinogenesis directly. In a

recent study analyzing 1419 HCC cases that were related to

NASH (120 cases), HCV (1013 cases), and alcohol (286

cases), cirrhosis was present in only 58.3% of NASH-re-

lated HCC cases [57]. Limited available data suggest that

risk factors for the development of NASH without cirrhosis

include older age, male sex, and metabolic syndrome [58].

In a study of 87 Japanese NASH patients with HCC, Yasui

et al. [59] found that 56% of cases were noncirrhotic, and it

was noted that males developed HCC at a less advanced

stage of liver fibrosis than females. Hashimoto et al. [58]

examined 34 cases of NASH-related HCC and found that

there was a prevalence of advanced age, male sex, obesity,

and type 2 DM; 12% of the patients had stage 1 or 2

fibrosis, and 88% had advanced fibrosis (stage 3–4). These

HCC patients tended to be older, male, and have metabolic

syndrome.

Budd–Chiari syndrome

Twelve studies were conducted in Asian countries between

1958 and 2008 to evaluate the prevalence of HCC in Budd–

Chiari syndrome patients; the pooled prevalence of HCC

was 17.6% in Budd–Chiari syndrome patients and 26.5% in

inferior vena cava obstruction patients [60]. There was no

statistically significant difference in sex, age, or site of

obstruction between HCC and non-HCC groups. It has not

been clarified whether HCC occurred only in cirrhosis

patients. The prevalence of HCC in Budd–Chiari syndrome

patients is highly variable, ranging from 2.0 to 51.6%, as

the diagnostic criteria and the methods are significantly

discrepant among studies, which potentially influence the

prevalence of HCC, and the length of follow-up was also

different [61, 62]. In addition, it is necessary to consider

carefully that occurrence of HCC is difficult to identify

using dynamic computed tomography (CT) or dynamic

magnetic resonance imaging (MRI) because of the changes

in venous drainage associated with venous outflow

obstruction. Further studies are necessary to evaluate the

risk factors for HCC in Budd–Chiari syndrome.

HCC in other liver diseases

Other notable causes of cirrhosis can increase the risk of

the development of HCC. In patients with genetic

hemochromatosis, in whom cirrhosis is established, the RR

for liver cancer is approximately 20-fold higher. The

incidence of liver cancer in individuals with stage 4 pri-

mary biliary cholangitis (PBC) is similar to the incidence in

patients with HCV and cirrhosis, and this suggests that

PBC confers a high risk for HCC [63]. Patients with

autoimmune hepatitis and cirrhosis also have an increased

incidence of liver cancer [64]. In addition, HCC has been

reported in patients with Wilson disease. However, a recent

report indicated that the risk of HCC was low in Wilson

disease even in cases of cirrhosis [65].

Host genetics

HCC develops in only a small percentage of those infected

with HCV or HBV. Host genetic makeup may be an

important factor that influences progression to HCC. Two

meta-analyses identified variants of tumor necrosis factor

(TNF) associated with a higher risk of HCC [66, 67]. They

showed that TNFa-308 AA and AG variants (versus GG)

were associated with a significantly increased risk of HCC.

A recent meta-analysis concluded that null genotypes of

glutathione S-transferase (GST) genes (GSTM1 or GSTT1)

were associated with an increased risk of HCC [68].

Aflatoxin

Aflatoxin B1 is a major hepatocarcinogen [69], which acts

in part by causing mutations of codon 249, a mutational

hotspot of the p53 tumor suppressor gene. Aflatoxin B1

exposure, however, is more common in areas where HBV

is the dominant virus, including sub-Saharan Africa,

Southeast Asia, and China. Within these areas, higher

levels are found among rural than urban populations [70],

among males than females [71], and among persons

chronically infected with HBV [72]. Aflatoxin B1 is

metabolized by CYP2E1, which is induced by alcohol.

Thus, alcohol may have an incremental genotoxic effect on

aflatoxin B1. One case–control study suggests that com-

bining aflatoxin B1 load and alcohol intake has a syner-

gistic and a statistically significant effect on RR (RR = 35)

[73]. There is a synergistic association between afla-

toxin B1 and HBV in increasing the risk of HCC. Com-

pared with persons with neither risk factor, the risk of HCC

is reported to be fourfold greater among persons with

elevated levels of aflatoxin B1, sevenfold greater among

chronic HBV carriers, and 60-fold greater among persons

with both factors [74, 75]. Evidence suggests that there is

also a synergistic effect between aflatoxin B1 and HCV

infection [76].

Tobacco

In 2004, the International Agency for Research on Cancer

(IARC) concluded that there was sufficient evidence that

tobacco smoking increased the risk of liver cancer [77]. A

recent meta-analysis estimated that there was a 1.5-fold

increased risk of HCC among current smokers, a risk
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similar to that imposed by obesity [78]. Inconsistent find-

ings in studies of the same populations, and the correlation

of smoking with other risk factors, such as HBV, HCV

infection, and alcohol consumption, have made the rela-

tionship between tobacco and HCC difficult to define.

Coffee and tea

Recent meta-analyses have examined the association

between coffee and tea and the risk of HCC [79, 80]. The

coffee meta-analysis found a significant 40% reduced risk

of HCC among consumers, and tea was associated with a

nonsignificant 23% reduced risk. Compounds in coffee that

potentially have chemopreventive effects include diterpe-

nes, chlorogenic acid, and caffeine [81]. Diterpenes are

lipids that inhibit enzyme expression and enzymatic

activity, induce detoxifying enzymes, and regulate signal-

ing pathways [82]. Chlorogenic acid is a polyphenol that

increases the activity of detoxifying enzymes [83]. Caf-

feine has antioxidant properties and increases the metabolic

rate and energy expenditure, which could potentially reg-

ulate weight and reduce the risk of developing metabolic

syndrome [84]. Similarly, tea contains bioactive com-

pounds, including caffeine and polyphenolic compounds.

One specific polyphenol, epigallocatechin-3-gallate, has

shown promise as a chemopreventive agent by inhibiting

enzymatic activities, cell invasion, angiogenesis, and

metastasis [85].

HCC in children

HCC is rare among adolescents and accounts for less than

1% of all malignant neoplasms among children younger

than 20 years [86]. Hence, the risk factors are not well

studied. Hepatoblastoma is the most common primary

hepatic malignancy (48%); HCC is the second most com-

mon primary liver malignancy of childhood (27%), with

vascular tumors and sarcomas making up the rest. HCC has

an incidence of 0.3–0.45 cases per million per year and

represents an increasingly common indication for LT in

children [87]. HCC is more common in adolescents

(10–14 years), more common in males than in females with

a 3:1 preponderance, and tends to present with more

advanced disease in children than in adults. HCC incidence

increases significantly with age. Overall, only 0.5–1% of

cases occur before the age of 20 years. The incidence of

HCC in chronic HBV carriers is approximately 100-fold

greater than that in the HBV-negative population and is

more common in areas with high endemic HBV infection

rates [88].

The decrease of HBV because of neonatal vaccination

has led to a reduction of cases in childhood, which will, in

time, be reflected in the adult population [89]. Although

HCV is a known risk factor for HCC in adults, it is rare in

children, and there is only a single case report of this

occurrence requiring a transplant [90].

Inherited metabolic disorders, specifically hereditary

tyrosinemia, a-1-antitrypsin deficiency, and glycogen

storage disease type 1, are associated with childhood cir-

rhosis and HCC. Tyrosinemia I (fumarylacetoacetate

hydrolase deficiency) is an autosomal recessive inborn

error of tyrosine metabolism that leads to liver failure in

infancy or chronic liver disease with cirrhosis. Without

treatment, there is a high risk of HCC in childhood or early

adolescence. HCC is also associated with glycogen storage

disease types I and IV [91].

Only approximately 30% of pediatric cases of HCC

are associated with cirrhosis or preexisting liver abnor-

mality, in contrast to adult HCC in which cirrhosis is

present in 70–90% of cases. Similarly, a-1-antitrypsin
deficiency exhibits a different mechanism for carcino-

genesis, where liver injury results from abnormal and

chronic regenerative signaling from the sick cells to

younger, less sick hepatocytes: chronic regeneration in

the presence of tissue injury leading to adenomas and

ultimately to carcinomas. It was recently suggested that

progressive familial intrahepatic cholestasis type 2

(PFIC 2), associated with a mutation of the ABCB11

gene resulting in deficiency of bile salt export pump

(BSEP; a membrane canalicular bile acid transporter),

represents a specific and previously unrecognized risk for

HCC in young children [92].

Epidemiology of HCC in Asia–Pacific countries

Japan

In Japan, HCC ranks as the fifth most common cancer,

being the fourth most common in males and the sixth in

females. Nationwide follow-up surveys by the Liver Can-

cer Study Group of Japan (LCSGJ) show that the age-

standardized incidence rate of HCC and total number of

deaths from HCC in Japan in males have shown a gradual

declining trend since 2004 [7]. In 2012, a total of 30,690

people died of liver cancer in Japan. Although Japan is one

of the Asia–Pacific countries with a high HCC incidence

rate, the cause of HCC in Japan differs greatly from other

countries in the region. Chronic HCV infection is more

common than chronic HBV infection in Japan; chronic

HCV infection accounts for 64.7% of HCCs. Chronic HBV

infection, on the other hand, accounts for only 15.1% of

HCCs [93]. In the near future, the prevalence of HCV-

related HCC is expected to decrease because of the falling

prevalence of HCV and deaths of older HCV patients from

unrelated causes [94].
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Japan has created the world’s first nationwide HCC

surveillance program. Japan introduced a liver cancer

screening program as early as the 1980s. In 1999, the Japan

Society of Hepatology (JSH) began the Eliminate Liver

Cancer Program [95]. In addition, the Basic Act on

Hepatitis Measures enacted by the Japanese Ministry of

Health, Labour and Welfare in 2009 established a system

by which public health centers and clinics could perform

blood tests free of charge for the general public to check for

infection with HBV or HCV. Other possible reasons for the

declining incidence rate may be the great success of post-

natal HBV vaccination, screening of donated blood, and

efforts to educate the general public about HCV.

India

In India, information on HCC is inadequate. Based on

cancer registries in five Indian urban populations (Mumbai,

Bangalore, Chennai, Delhi, and Bhopal) over a period of

two decades, liver cancer ranks as the fifth most frequent

cancer for both sexes [96]. However, the cancer registries

in India probably do not provide accurate estimates of HCC

prevalence due to their predominantly urban location and

because the sources of information on cancers are from

cytology, oncology sites, and municipal registers of death.

The available data indicate that the age-adjusted incidence

rate of HCC in India for males ranges from 0.7 to 7.5 and

for females from 0.2 to 2.2 per 100,000 population per year

[97]. The incidence of HCC in patients with cirrhosis in

India is 1.6% per year. The male-to-female ratio for HCC

in India is 4:1. The age of presentation varies from 40 to

70 years. The age-standardized mortality rate for HCC in

India for males is 6.8 per 100,000 population and for

females is 5.1 per 100,000 population. In India, HBV and

HCV infection and alcohol consumption are the main

causes of HCC [98]. Reports from tertiary care centers in

India on HCC indicate that 70–97% of patients with HCC

had underlying cirrhosis of the liver at the time of diag-

nosis. Approximately one-quarter of HCC cases diagnosed

in India do not have any known predisposing risk factors

[99]. The presence of any HBV marker (HBsAg positive or

presence of HBV antibodies even in absence of HBsAg)

increases the risk of HCC [100]. Moreover, huge regional

differences in the prevalence of HBV and HCV infection

might exist in India (i.e., the prevalence of HCV infection

was the highest in the Punjab area). These differences

might translate into large differences in the incidence of

HCC between states. Because of the discrepant and isolated

reports on genetic risk factors for HCC, the data are cur-

rently insufficient to implicate any genetic risk factor for

HCC in India. The unpublished data from various tertiary

care centers suggest that the incidence of HCC is increas-

ing in India.

Australia

Liver cancer is relatively uncommon in Australia, where it

ranks 15th in males and 20th in females [101]. However,

over the last three decades, HCC incidence rates have been

rising in Australia, both from cases attributed to HCV and

from HBV, the latter related to migration from high-

prevalence countries [101]. Data from the New South

Wales Cancer Registry indicate that age-standardized pri-

mary liver cancer incidence rates have increased from 2.0

and 0.5 per 100,000 population in 1972 in males and

females, respectively, to 7.4 and 2.9 per 100,000 popula-

tion in 2004 [102]. Other known risk factors for the

increasing incidence of HCC include HBV/HCV coinfec-

tion and cirrhosis due to various other causes. According to

an Australian study of HCC incidence as stratified by dif-

ferent chronic liver diseases, the HCC incidence rate of

patients with HBV monoinfection was markedly higher

than that of those with HCV monoinfection (9.5 versus 6.9

cases per 10,000 population-years) [103]. A recent popu-

lation-based linkage study showed that Asian-born resi-

dents with chronic HBV were 30 times more likely to

suffer HCC compared with Australian-born residents [104].

The incidence of HCC with chronic viral hepatitis is

associated with increasing age, male sex, and other

comorbidities. The highest age-specific risk of developing

HCC occurs among people aged 75 years and older, being

over 14 times the risk for those aged under 45 years. The

risk in male patients is threefold higher than that in females

[103].

China

Liver cancer is the second most common cancer in China.

Overall, the estimated incidence rate of HCC is 40.0 in

males and 15.3 in females per 100,000 population. HCC is

ranked as the second most common cause of cancer mor-

tality in males after lung cancer, while it ranked third in

females, after lung and gastric cancer. Approximately

383,203 persons die of liver cancer every year in China,

which accounts for 51% of deaths from liver cancer

worldwide. The mortality rate of liver cancer is higher in

males (37.4/100,000) than in females (14.3/100,000) [105].

In China, some identified risk factors, such as HBV, HCV,

aflatoxin B1, alcohol consumption, and tobacco smoking,

contribute to the incidence and mortality related to HCC. In

particular, HBV infection contributes to large number of

liver cancer deaths and cases (63.9%). For HCV, its rate in

liver cancer deaths and cases is lower than that of HBV

(27.7% overall; 27.3% in males and 28.6% in females), but

is still higher than that of aflatoxin exposure (25% of the

population), alcohol drinking (15.7%), and tobacco smok-

ing (13.9%) [106].
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Despite the high incidence of liver cancer throughout

China, a decreasing trend has been observed in some

regions because of neonatal vaccination for HBV infection.

According to the IARC and Cancer Incidence in Five

Continents, the age-adjusted incidence rate of HCC has

been in on decline in Shanghai since the 1970s and in

Tianjin since the 1980s [107, 108].

Hong Kong

According to the report from the Hong Kong Cancer

Registry 2012, liver cancer ranks as the fourth most

common cancer and the third most common cause of

cancer death. The incidence and mortality of liver cancer

are higher in males (fourth and third, respectively, among

all cancers) than in females (tenth and fourth, respec-

tively, among all cancers). In Hong Kong, the incidence

of HCC increases with age, and the highest age-specific

rate occurs among people aged 75 years and older,

accounting for 152.4 per 100,000 population. However,

over the past 25 years, the incidence of HCC in different

age groups (especially age [40 years) has shown an

apparently downward trend, which may be explained

partly by the declining rate of HBV infection due to the

institution of universal HBV vaccination since 1988.

Since 1992, chronic HBV has been the major cause of

HCC in Hong Kong, accounting for 80% cases in 1992

and 78% cases in 2006. From 1992 to 2006, the pro-

portion of HCV-related HCC increased from 3 to 6.3%

[109].

Korea

In South Korea, liver cancer is the fourth most common

cancer in males and the sixth most common cancer in

females. The age-standardized incidence rate is 46.5 per

100,000 population (males, 45/100,000; females,

12/100,000). The incidence increases for age over

40 years, reaching a peak at age of 55 years [110]. How-

ever, the incidence of liver cancer among Korean males

and females declined from 1999 to 2010. HBV is the most

common infectious etiologic factor for liver cancer in

Korea (70–80%), followed by HCV. HCC is the third

leading cause of cancer mortality in Korea. The successful

changes in the rates of liver cancer mortality in Korea were

not solely due to Korea’s HBV vaccination efforts, but also

depended on its 10-year plan for cancer control, imple-

mented by the government in 1996. With the introduction

of the National Cancer Screening Program (NCSP) in

1999, males and females aged over 40 years with chronic

hepatitis (HBsAg or HCV Ab positive) and liver cirrhosis

patients, regardless of HBV or HCV infection, are offered

screening for HCC.

New Zealand

New Zealand cancer census data from 1981 to 2004 indi-

cated that the age-standardized incidence rate of HCC was

30.3 per 100,000 population in Pacific Islander males and

9.8 per 100,000 population in Pacific Islander females,

compared with 4.1 per 100,000 population and 2.1 per

100,000 population for their European counterparts. This

suggests that the rate of HCC in the Pacific is 7 and 4 times

higher than that in Europe for males and females, respec-

tively [111].

Taiwan

A survey from the Taiwan Cancer Registration System

documented that the incidence rate of HCC had increased

gradually in 1994 to 2007. The rate in males was higher

than that in females. HBV infection is the most important

cause of HCC, but this phenomenon is changing [112].

From 1981 to 1985, HBV-related HCC accounted for 88%

of cases, whereas from 1995 to 2000, the proportion of

HBV-related HCC had decreased to 59%, whereas the

proportion of HCV-related HCC had increased to 31%. For

HBV-related HCC, the ratio between males and females

was 6.4, whereas for HCV-related HCC, it was 1.7 [113].

Iran

Although the true prevalence of HCC in Iran is unknown, it

is considered to be a low-risk area for HCC with an inci-

dence less than five per 100,000 population. In contrast to

Western countries, alcohol consumption has a minor role in

HCC development in Iran. A study on the risk factors of

HCC in southern Iran revealed that only 2.8% of HCC

patients had history of excess alcohol intake. The same

study showed that the predominant cause of HCC in the

studied group was HBV followed by HCV infections with

incidence of 52.1 and 8.5%, respectively. Approximately

80% of HCC patients were positive for at least one of the

known HBV markers. Thus, HBV infection appears to be

the most common cause of HCC in Iran [114].

Pakistan

Unfortunately, no population-based study was available

from which a true prevalence and incidence rate of HCC

could be ascertained. Most of the studies were hospital

based, consisting of case series with small sample size, or

they had a highly selected population. However, a few

cancer registries have been established in Pakistan. From

the 1970s until the mid-1990s, HBV was the most common

etiologic factor for HCC in Pakistan. Afterwards, a shift in

HCC etiology was observed with a steady rise in HCV-
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related HCC cases. The age-standardized rate for HCC is

7.64 per 100,000 population in males and 2.8 per 100,000

population in females. The male-to-female ratio is 3.6:1.

The usual age of presentation is in the fifth and sixth

decades [115].

Vietnam

Liver cancer is the leading cause of cancer-related death in

males and the second most common for females in Viet-

nam [116]. Vietnam is a country with a high prevalence of

HBV infection (an estimated 12.3% of males and 8.8% of

females are chronically infected with HBV). Thus, HBV

was the most common etiologic factor for HCC in Vietnam

[117]. A recent study reported that the estimated chronic

HBV prevalence increased from 6.4 million cases in 1990

to approximately 8.4 million cases in 2005 and was pro-

jected to decrease to 8.0 million by 2025 [118]. However,

the estimated HBV-related HCC incidence increased from

9400 in 1990 to 25,000 in 2025. Although universal infant

HBV vaccination will reduce the chronic HBV prevalence

in Vietnam over the next two decades, the HBV-related

HCC burden will continue to rise.

Mongolia

The estimated incidence rate of HCC in Mongolia is 54.1

per 100,000 world standard population, one of the highest

worldwide [119]. Although universal vaccination for HBV

has been implemented and sterilization of medical devices

is being improved, the prevalence of chronic HBV and

HCV infection is still over 10%. HCV-related HCCs are

more common than HBV-related cancers. In addition,

coinfection with HBV and HCV occurs frequently [117].

Due to the lack of a surveillance system, the majority of

cancers are diagnosed in advanced stages.

Other countries

Liver cancer is one of the most common causes of cancer-

related death in other Southeast Asian countries, such as

Cambodia, Lao People’s Democratic Republic, Myanmar,

and Papua New Guinea [116]. Although there is little

epidemiologic information from those countries in regard

to HCC, it is assumed that the high prevalence rate of HBV

infection is related to the occurrence of HCC.

Summary

Although it is difficult to accurately predict future changes

in disease epidemiology, the overall global incidence of

HCC is predicted to rise in the next few years until a

plateau is reached by 2020. Subsequent decreases in the

rates of HCC have been predicted, resulting at least in part

from expected improvements in the control of HBV and

HCV infection. However, as the contributions of HBV and

HCV diminish, other risk factors, such as DM and obesity,

may become increasingly important drivers of future HCC

incidence trends.

Prevention

Prevention of HBV-related HCC

Recommendations

1. As primary prophylaxis for HCC, universal HBV

vaccination in infants should be implemented in all

countries, especially in HBV-endemic areas (A1).

2. As secondary prophylaxis for HCC development,

effective and potentially long-term antiviral therapy

should be started in all patients with chronic hepati-

tis B infection and active liver disease (B1).

The most common risk factor for HCC is chronic HBV

infection, which accounts for more than 50% of all cases

globally and 60–80% in some Asian countries such as

China, Korea, and Vietnam [120]. Strategies to prevent

HBV-related HCC include universal hepatitis B vaccina-

tion to reduce new infection as primary prevention,

antiviral treatment to prevent disease progression by

effectively suppressing HBV replication and regular

surveillance to detect HCC in earlier stage as secondary

prevention, and combination of curative therapies and

adjuvant antiviral treatment to increase survival and pre-

vent recurrence for HCC patients as tertiary prevention

[2, 121, 122].

Primary prophylaxis of HBV-related HCC:

vaccination to decrease the rate of HBV infection

The aim of primary prophylaxis in HBV-related HCC is to

prevent new HBV infection in healthy individuals. The

universal vaccination programs carried out in countries

with endemic HBV have resulted in a significant decline in

the prevalence rate of HBsAg and incidence of HCC [10].

As an excellent example, the universal hepatitis B immu-

nization program for newborns started in 1984 in Taiwan

has significantly reduced the prevalence rates of HBsAg,

acute and chronic hepatitis B, and cirrhosis, decreasing

HCC incidence by more than 80% and more than 90%

among cohorts vaccinated at birth, over 30 years

[123, 124]. Similarly, a national survey showed that the

prevalence of HBsAg declined from 9.75% in 1992 to
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7.18% in 2006 and among children younger than 5 years

old declined from 9.67% in 1992 to 0.96% in 2006 in

Mainland China, where universal infant HBV vaccination

started in 1992 [125]. More importantly, a recent report of

a 30-year follow-up study demonstrates that the HCC

incidence rate also decreased by 84% in vaccinated cohort

in Qidong area of eastern China [126].

Secondary prophylaxis of HBV-related HCC:

antiviral treatment to reduce incidence of HCC

in chronic HBV infection

Studies have revealed that a variety of factors are involved

in HCC occurrence among chronic hepatitis B patients,

including demographic, viral, and environmental factors. A

large-scale cohort study (REVEAL-HBV study) carried out

in Taiwan demonstrated that the incidence rate of HCC was

correlated with serum viral load (1.3 and 14.9% for HBV-

DNA\ 300 copies/mL and C1,000,000 copies/mL,

respectively) during a mean follow-up of 11.4 years [127].

Even patients with moderate HBV-DNA level

(60–2000 IU/mL) also had a substantially increased risk of

HCC and mortality compared with uninfected individuals

[128].

Many studies have shown that antiviral treatment can

decrease the incidence of HCC. A landmark randomized

control trial (RCT), the Cirrhosis and Lamivudine

Monotherapy (CALM) study, showed that, compared with

placebo group, lamivudine therapy significantly reduced

the risk of HCC in chronic hepatitis B patients with

advanced fibrosis and cirrhosis (7.4 versus 3.9%) [129].

Meta-analyses confirmed the beneficial effect of antiviral

treatment on reducing HCC risk, no matter whether using

lamivudine, adefovir, entecavir, tenofovir or interferon

[130, 131]. However, virological response was related to

the clinical outcome of patients. The incidence of HCC in

patients with sustained viral suppression was significantly

lower compared with patients with suboptimal response

[132]. A follow-up study showed that entecavir is more

effective than lamivudine in prevention of HCC due to

higher potency and minimal risk of resistance, with 5-year

cumulative incidence of HCC of 7 and 20%, respectively

[133]. Furthermore, the preventive efficacy of antiviral

therapy can be translated to general population; for

example, since launched in 2003, a viral hepatitis therapy

program has significantly reduced incidence and mortality

of HCC in the general population of Taiwan (HR was 0.86

for HCC incidence and 0.76 for HCC mortality) [134]. Of

note is that suppression of viral replication in chronic

hepatitis B patients by antiviral treatment could reduce but

not eliminate the risk of HCC, especially in patients with

cirrhosis [135–137]. Kim et al. reported that the risk of

HCC remained after HBsAg seroclearance in chronic

hepatitis B patients, especially in males, those who

achieved HBsAg seroclearance at [50 years, and those

who had liver cirrhosis [138]. Therefore, regular surveil-

lance is important in patients receiving antiviral therapy,

even in patients who lost HBsAg due to tumor detection at

early stage.

Prevention of HCV-related HCC

Recommendations

1. In chronic HCV infection, patients who obtained sus-

tained virologic response (SVR) had considerably

reduced risk of HCC. However, older age, low platelet

count, and/or presence of cirrhosis despite SVR are

associated with higher risk for HCC development and

warrant surveillance (A1).

In chronic HCV infection, a meta-analysis of retro-

spective studies implies that the risk of HCC is reduced

among patients with HCV who achieve SVR with antiviral

therapy with interferon or interferon plus ribavirin

[139–142]. Findings on the effect of SVR on liver-related

clinical outcomes are similar to those of retrospective, and

often smaller, studies from Japan [143–147], the results of

which supported an approximately 70–90% reduction in

the risk of liver-related clinical outcomes over a follow-up

period of 2–6 years in patients achieving SVR. This was

reaffirmed by a recent study on 33,005 HCV-infected

individuals who received treatment, whose authors con-

cluded that the risk of HCC after HCV cure, though con-

siderably reduced, remains relatively high at 0.33% per

year [148].

According to the HALT-C and EPIC studies, a contin-

ued elevated risk of HCC in patients with advanced chronic

HCV, even in those who achieved SVR, was evident [139].

The 5-year risk of HCC developing in noncirrhotic patients

was 4.8%. It has been suggested that the incidence of HCC

in patients with cirrhosis from HCV only increases sub-

stantially once the platelet count is less than 100 9 109/L.

Furthermore, older age and presence of cirrhosis at the

point of SVR are associated with a higher risk of HCC,

warranting surveillance [148].

Although these studies have validated that there is a

reduced incidence of HCC in treated patients, there are no

data that demonstrate that treating or eradicating HCV

completely eliminates the risk for HCC. Thus, it seems

prudent to continue surveillance of patients with HCV and

cirrhosis who have achieved viral clearance on therapy.

Surveillance is recommended in SVR patients with any

histologic stage of HCV with comorbidities, such as alco-

hol abuse and DM, all of which are established independent

risk factors for HCC disease progression [148–151].
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While the most commonly observed clinical benefits in

SVR patients were the consequence of the arrest of fibrosis

progression, regression of preexisting cirrhosis could be

documented [152–157]. However, regressed cirrhosis is not

a reason to withhold surveillance. The recent new arrival of

direct-acting antiviral (DAA) therapy allowed for the

achievement of SVR in over 90% of treated patients,

irrespective of liver fibrosis stage [158–160]. However,

there is no evidence that successful DAA therapy reduces

the incidence of HCC in patients with HCV cirrhosis.

Maintaining surveillance for SVR patients with advanced

liver fibrosis, independently of the histologic response to

therapy, is highly recommended.

Prevention of metabolic-related HCC

Recommendations

1. Nonalcoholic fatty liver disease (NAFLD) and nonal-

coholic steatohepatitis (NASH) are associated with a

significant risk of HCC development, which is higher

in the presence of cirrhosis (A2).

2. A significant proportion of patients may suffer HCC

even in the absence of cirrhosis (B2).

3. Metabolic syndrome and its components, especially

DM and obesity, are associated with a high risk of

HCC in patients with NASH (A2).

The estimated prevalence of NASH in the general

population ranges from 2 to 3% [161]. Contrary to earlier

studies, recent data revealed that up to 44% of cases of

NAFLD can progress to NASH even in the absence of

inflammation at baseline [162] and approximately 23% of

cases of NASH progress to cirrhosis over the next

10–15 years [163]. In general, up to 30–40% and 10–15%

of cases of NASH do have advanced fibrosis and cirrhosis,

respectively, at initial diagnosis [163]. Although the overall

incidence of HCC depends on the stage of underlying

NAFLD and associated comorbid conditions, HCC can

develop in the absence of cirrhosis in such cases [164]. The

incidence of HCC in patients with NASH cirrhosis has

been reported to be 2.3–4.0% per year [165, 166].

Metabolic syndrome and components of metabolic

syndrome have been associated with the development of

HCC [167]. In a meta-analysis of 38,940 cases of cancers

(43 articles), Esposito et al. [168] found an association of

metabolic syndrome with HCC (RR = 1.43, p\ 0.0001),

and the association was stronger in Asians (p = 0.002).

Moreover, the estimated risk of HCC was high in over-

weight (RR = 1.48; 95% CI 1.31–1.67) and obese

(RR = 1.83; 95% CI 1.59–2.11) individuals. Tanaka et al.

[169] reported that overweight or obesity increased the risk

of liver cancer among Japanese population in the meta-

analysis. Consistent with these findings, a significant

association of DM and HCC was estimated (RR = 2.31;

95% CI 1.87–2.84) by Wang et al. in a meta-analysis of 17

case–control and 32 cohort studies [170]. Longer duration

of DM and treatment with insulin or sulfonylureas was also

associated with a higher risk of HCC, while a lower risk of

HCC was found with metformin treatment. In another

meta-analysis of 25 cohort studies, a higher incidence of

HCC was found in 17 studies [summary relative risks

(SRRs) = 2.01; 95% CI 1.61–2.51] among diabetics

compared with nondiabetic patients. However, due to the

presence of significant heterogeneity among studies

(Q = 136.68, p\ 0.001, I2 = 87.6%), a subgroup analysis

was performed to control for confounders and DM was

associated with a higher HCC-related mortality

(SRR = 1.56; 95% CI 1.30–1.87) [51].

Because HBV and HCV are predominant risk factors

responsible for a high burden of liver diseases in the Asia–

Pacific region, Chen et al. [171] evaluated the influence of

obesity, DM and HBV/HCV infections on the risk of HCC.

This meta-analysis found that the positive association with

obesity was independent of DM or infections with HBV/

HCV.

In general, the relationship between DM, obesity,

metabolic syndrome, and HCC is linked with develop-

ment of NAFLD, and theoretically all are interlinked with

each other. Considering the significant burden of NASH

(i.e., 2–3% of the global population) and a global rise in

the burden of obesity and DM, it is expected that there

will be a further increase in the burden of NASH and

HCC in the foreseeable future unless considerable pre-

ventive measures are taken [172]. Most of the studies

have used the Western criteria for obesity, and one can

expect an even higher risk if similar estimates are cal-

culated using the Asian criteria for obesity. Higher HCC-

related mortality rates have been reported in DM com-

pared with non-DM patients (RR = 2.43; 95% CI

1.66–3.55) [170]. Furthermore, due to limited available

treatment options, patients with NASH-related cirrhosis

carry a significant risk for HCC development. Moreover,

many other aspects must be explored; for instance, the

role of impaired glucose metabolism, dyslipidemia, and

the effect of concomitant use of alcohol must be evalu-

ated [167]. Hence, it is imperative to implement measures

to reduce the burden of factors associated with NAFLD/

NASH.

So far, the major key preventive measures here include

‘‘healthier diet’’ and lifestyle modification, which should be

explained and promoted to every individual who is at risk

of or has suffered from such metabolic derangements.

Dietary modifications according to underlying risk factors,

such as DM, obesity, dyslipidemia, and hypertension,

should be promoted. Regular walking and exercise also
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have a major role in the control of metabolic syndrome and

NAFLD/NASH. Treatment of concomitant metabolic

conditions with statins and metformin may also have

beneficial effects on portal hypertension, complications of

liver cirrhosis, and HCC prevention [173]. The efficacy of

metformin as a preventive agent in a clinically relevant rat

model of HCC was evaluated and was associated with a

reduction in fibrotic and inflammatory markers and a 44%

decrease in HCC incidence when administered in an early

phase by suppressing the receptors for advanced glycation

end products and inhibiting activation of hepatic progenitor

cells [174]. However, these preclinical findings must be

confirmed in clinical studies.

Bariatric surgery could be recommended for patients

with morbid obesity, which may reduce liver fibrosis but

carries a risk of decompensation in patients with advanced

liver cirrhosis [173]. Furthermore, periodic screening for

HCC in patients with NASH will help to identify HCC

cases at early stage. Patients with NASH cirrhosis should

be considered for HCC screening according to the

American Association for the Study of Liver Diseases

(AASLD)/American College of Gastroenterology (ACG)

practice guidelines [175]. The other systemic review of

NAFLD recommended biannual imaging screening in

cirrhosis patients [176]. However, screening recommen-

dations have not yet accounted for the increasing number

of patients suffering from HCC even though up to 50% of

cases may occur in the absence of cirrhosis [59]. The

latest European guidelines suggested that the PNPLA3

rs738409 C[G gene polymorphism has been associated

with an increased HCC risk and might provide patient

risk stratification for tailored HCC surveillance in

NAFLD. However, no recommendation can currently be

made on the timing of surveillance or its cost-effective-

ness [177].

Tertiary prevention

Recommendations

1. Interferon did not reduce the recurrence-free survival

(RFS) rate in HBV-related HCC after curative treat-

ment. However, it is possible it improved overall sur-

vival (OS) (A2).

2. Nucleos(t)ide analogs may be effective in reducing the

risk of recurrent HBV-related HCC after curative

treatment (B2).

3. Interferon-based antiviral treatments after curative

therapy in HCV-related HCC may reduce the risk of

recurrence and improve survival rates (A2).

Tertiary prevention for HBV-related HCC

HBV viral load has been shown to have an important role

in carcinogenesis in patients with chronic HBV liver dis-

ease, and recently, HBV viral load has also been reported

to be involved in recurrence after radical treatment of HCC

[178]. In a retrospective study of 72 patients and a

prospective study of 200 patients with hepatic resection for

HBV-related HCC, both conducted by Hung et al.

[179, 180], patients with a high serum HBV viral load at

the time of tumor resection showed a significantly higher

recurrence rate compared with patients with a low viral

load. Therefore, antiviral and antiinflammatory therapies

after curative treatment may be crucial in preventing HCC

recurrence and improving survival.

Interferon

A small RCT was performed to evaluate the safety and

efficacy of 16 weeks of interferon a-2b therapy after hep-

atic resection in a group of patients with predominantly

HBV-related HCC [181]. The RR of death after interferon

treatment was 0.42 (95% CI 0.17–1.05, p = 0.06). Subset

analysis showed that adjuvant interferon had no survival

benefit for pTNM stage I/II tumors (5-year survival 90% in

both groups, p = 0.91), but prevented early recurrence and

improved the 5-year survival of patients with stage III/IVA

tumors from 24 to 68% (p = 0.04). After this study,

another similar RCT was conducted by Chen et al. [182]. A

total of 268 patients were allocated randomly to receive

either 53 weeks of adjuvant interferon a-2b treatment or

observation alone. The primary endpoint of this study was

RFS. The median RFS in the interferon a-2b and control

arms was 42.2 and 48.6 months, respectively (p = 0.83).

In this study, adjuvant interferon a-2b did not reduce the

postoperative recurrence of HBV-related HCC. HCC

recurrence after ablative treatment modalities is also

common. Although patients who received medical ablation

usually exhibit compensated hepatic functional status, the

frequent recurrence of HCC after successful ablation con-

tributes to short-term survival. A small RCT was conducted

to evaluate the effectiveness of interferon therapy in pre-

venting HCC recurrence after successful medical ablation

therapy for primary tumors [183]. The cumulative HCC

recurrence rate of the patients treated with interferon-a and

the control group was 25 and 40% at the end of 1 year, and

47 and 90% at the end of 4 years, respectively (p = 0.01).

Furthermore, this study also showed that the prevention of

HCC recurrence using interferon-a was effective in HBV-

related HCC [183].
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Nucleos(t)ide analogs

A retrospective study was conducted to evaluate the

efficacy with or without using nucleos(t)ide analogs in

patients following curative treatments for HBV-related

HCC [184]. Cumulative OS rates of HCC were signifi-

cantly different between the two groups (p\ 0.01), and

cumulative RFS rates of HCC were also significantly

different (p\ 0.01). Yin et al. [185] also reported that

nucleos(t)ide analogs improved not only liver function but

recurrence and OS rates. In another study, improvements

of liver function and OS rates were reported even if the

recurrence rates were not significantly different between

groups treated with and without nucleos(t)ide analogs

[186, 187]. In addition, a large-scale nationwide cohort

study was reported from the Taiwan National Health

Insurance Research Database [188]. Among 100,938

newly diagnosed HCC patients, they identified 4569

HBV-related HCC patients who received curative liver

resection for HCC. The risk of first tumor recurrence was

compared between patients who did not (untreated cohort,

n = 4051) and did (treated cohort, n = 518) take

nucleos(t)ide analogs. The treated cohort had a higher

prevalence of liver cirrhosis when compared with the

untreated cohort (48.6 versus 38.7%, p\ 0.001), but had

a lower risk of HCC recurrence [n = 106 (20.5%) versus

n = 1765 (43.6%), p\ 0.001] and lower overall risk of

death [n = 55 (10.6%) versus n = 1145 (28.3%),

p\ 0.001]. After adjusting for competing mortality, the

treated cohort had a significantly lower 6-year HCC

recurrence rate (45.6%; 95% CI 36.5–54.6% versus

untreated, 54.6%; 95% CI 52.5–56.6%, p\ 0.001). Six-

year overall mortality was 29.0% (95% CI 20.0–38.0%)

for the treated and 42.4% (95% CI 40.0–44.7%,

p\ 0.001) for the untreated cohort. On modified Cox

regression analysis, administration of nucleos(t)ide ana-

logs (HR 0.67; 95% CI 0.55–0.81, p\ 0.001) was inde-

pendently associated with a reduced risk of HCC

recurrence. One study elucidated the superior choice of

nucleos(t)ide analogs [189]. A total of 865 HBV-related

HCC patients received antiviral treatment at diagnosis or

immediately following surgery (adefovir 10 mg per day in

300 patients, entecavir 0.5 mg per day in 325 patients,

and lamivudine 100 mg per day in 240 patients). The 1-,

2-, and 3-year resistance rates were 0.9, 1.8, and 2.5%,

respectively, for the entecavir group; 3.0, 8.3, and 12.0%,

respectively, for the adefovir group; and 21.7, 31.7, and

39.6%, respectively, for the lamivudine group. The 3-year

RFS for the entecavir group also differed significantly

compared with the adefovir and lamivudine groups (HR

0.810; 95% CI 0.656–0.999, p = 0.049 and HR 0.737;

95% CI 0.591–0.919, p\ 0.01). A randomized, placebo-

controlled trial by Jang et al. [190] also showed that

preemptive lamivudine therapy in patients receiving

transarterial chemoembolization (TACE) significantly

reduced the incidence of HBV reactivation (p\ 0.01),

overall hepatitis (p = 0.02), and severe hepatitis

(p = 0.035) due to HBV reactivation after repeated

TACE. However, prevention of HCC by preemptive

lamivudine therapy was not shown because of advanced

stage of HCC in patients receiving TACE in that trial

[190]. Further prospective RCTs using a larger number of

patients are required to assess its role in tertiary preven-

tion of HCC.

Tertiary prevention of HCV-related HCC

HCC is characterized by very frequent recurrence even

after successful initial treatments, either surgical resection

or medical ablation, and the risk of recurrence remains high

for many years. Recurrence is particularly frequent with

HCV-related HCC, and a substantial proportion of recur-

rences, especially in the late phase, is thought to represent

de novo, or multicentric, hepatocarcinogenesis [191–193].

Interferon

Antiviral therapy, such as interferon, might reduce the

overall incidence of recurrence by preventing de novo

carcinogenesis. Indeed, several small-sized RCTs, per-

formed in Japan or Taiwan, showed that the incidence of

recurrence was reduced in HCV-related HCC by interferon

therapy subsequent to initial HCC treatment [194, 195].

Other RCTs, also performed in Japan or Taiwan, failed to

find a significant delay in the first recurrence with inter-

feron therapy, but the second or third recurrence was sig-

nificantly reduced especially in sustained responders, and

the OS was improved [196–198]. Another RCT in Italy did

not detect effects of interferon therapy on early recurrence

but did find an effect for late recurrence: after an interval of

more than 2 years, the rate seemed to be reduced among

interferon responders [199]. These data are compatible

with the hypothesis that de novo carcinogenesis was pre-

vented by successful antiviral therapy. On the other hand,

three reports on long-term observation of recurrence after

interferon therapy following HCC treatment showed that

the recurrence rate in interferon-treated patients decreased

over time, suggesting that the growth of residual micro-

scopic tumors had been delayed by interferon (in fact, the

two presumed mechanisms are not necessarily mutually

exclusive) [200–202]. Most of these studies used interferon

monotherapy and suffered from low sustained response

rates because most patients had advanced fibrosis or cir-

rhosis. Preventive effects of interferon on HCC recurrence

have yet to be reevaluated using current, more efficient

protocols.
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DAA therapy

DAA therapies are promising pan-genotypic agents used to

eradicate HCV. However, there is no evidence that DAA

therapy will prevent HCC recurrence. One study by Reig

et al. [203] reported that eradication of HCV with DAAs

led to an unexpected HCC recurrence in some cases, and

others reported DAAs did not lead to an unexpected HCC

recurrence [204–206], although there is no evidence that

SVR after DAA therapy reduces the incidence of recur-

rence in HCC patients receiving curative treatments. Fur-

thermore, prospective studies are needed.

Other tertiary preventions of HCC

Microscopic, intrahepatic residual tumors, including intra-

hepatic metastases, are a possible cause of HCC recur-

rence. Theoretically, adjuvant chemotherapy may reduce or

delay such recurrences, but few chemotherapeutic agents

have been effective against HCC and many of them may be

hepatotoxic.

Chemotherapy

Hasegawa et al. [207] reported RCT using oral adminis-

tration of uracil-tegafur after curative hepatic resection but

found no beneficial effects on recurrence and a possible

adverse effect on OS. Bruix et al. [208] assessed the effi-

cacy and safety of sorafenib versus placebo as adjuvant

therapy in patients with HCC after surgical resection or

local ablation. It was a double-blind, placebo-controlled

study of patients with HCC with complete radiologic

response after surgical resection (n = 900) or local abla-

tion (n = 214) at 202 sites (hospitals and research centers)

in 28 countries. At final analysis, 464 RFS events had

occurred (270 in the placebo group and 194 in the sorafenib

group). Median follow-up for RFS was 8.5 months in the

sorafenib group and 8.4 months in the placebo group.

There was no difference in median RFS between the two

groups (33.3 versus 33.7 months, respectively; HR 0.940;

95% CI 0.780–1.134; one-sided p = 0.26) [208]. In 1996,

Muto et al. [209] reported that administration of poly-

prenoic acid, an acyclic retinoid, reduced the recurrence of

HCC in RCT. Updated, long-term data were published

subsequently [210], postulating that the eradication of

premalignant or latent malignant clones was the mecha-

nism of action. However, in a large-scale RCT, the supe-

riority of acyclic retinoid over placebo could not be

validated, 600 mg per day was shown to be the optimal

dose, and treatment may possibly reduce the recurrence of

HCV-related HCC, particularly after 2 years [211]. The

investigators concluded that administration of 600 mg per

day of acyclic retinoid to patients with HCV-related HCC

who have completed curative therapy might improve sur-

vival for those classified as having Child–Pugh class A

disease, for whom liver function was relatively stable in

subanalysis [212]. Other adjuvant treatments have not been

shown to prolong RFS (Table 2).

Diagnosis and surveillance

Imaging modalities

Ultrasound (US) and contrast-enhanced ultrasound

(CEUS)

Recommendations

1. Ultrasonography (US) is a screening test and not a

diagnostic test for confirmation (B2).

2. Contrast-enhanced US (CEUS) is useful for character-

ization of US-detected liver nodules and is as sensitive

as dynamic computed tomography (CT) or dynamic

magnetic resonance imaging (MRI) in the diagnosis of

HCC (B2).

As the prognosis of HCC depends largely on the stage at

which the tumor is detected, detection of HCC early in its

development is critical to improve the survival of affected

patients [218–220]. Although ultrasonography (US) is the

most widely used modality for HCC screening and

surveillance, the reported sensitivity of surveillance US is

in the range of 40–81% with specificity of 80–100%

[221–225]. According to a recent meta-analysis study,

among B-mode US, contrast-enhanced US (CEUS), con-

trast-enhanced (CT), and gadolinium-enhanced (MRI),

B-mode US has the lowest sensitivity and positive pre-

dictive value (59.3, 77.4%) while the other three imaging

modalities show similar pooled per-lesion sensitivity and

positive predictive value (73.6–84.4%, 83.6–89.3%) [226].

Therefore, US is not advocated as a diagnostic test for

confirmation due to overlapped imaging features of benign

and malignant cirrhotic nodules on US.

Key alterations during hepatocarcinogenesis include

angiogenesis, changes in cellularity, the transporters of

hepatocytes, and decrease in the number and function of

Kupffer cells [227]. Among them, hemodynamic alteration

of the nodules, composed of increased arterial flow and

decreased portal flow, is the most important change for the

diagnosis of HCC [228–230]. However, B-mode US cannot

demonstrate tumor vascularity, and color Doppler imaging

and power Doppler imaging have low sensitivity for

detecting the microflow in the nodules [231–235]. CEUS

using microbubble contrast agents and low mechanical

index (MI) contrast-specific imaging techniques has been
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proved to be useful for characterizing liver tumors

[235, 236]. Moreover, as Sonazoid microbubbles are

phagocytosed by Kupffer cells, Kupffer imaging can be

achieved [237]. CEUS can provide superior sensitivity to

detect arterial hypervascularity and better demonstration of

rapid wash-out for non-HCC malignancy and very late

wash-out of HCC compared with dynamic CT or dynamic

MRI [238–240]. In addition, CEUS has several other

advantages including relative inexpensiveness, no nephro-

toxicity of the contrast agents, and no ionizing radiation. In

general, CEUS shares many features with dynamic CT and

dynamic MRI, but as they are purely intravascular, in

cholangiocarcinoma a discordant enhancement pattern is

observed on CEUS [236, 238, 241–243]. The AASLD

removed CEUS from their guidelines in part because of the

perceived possibility of false-positive HCC diagnosis in

patients with intrahepatic cholangiocarcinoma [63, 242],

but according to recent studies, wash-out time [55 s

identified patients with HCC with the highest level of

accuracy (92.7%) while wash-out time B55 s correctly

identified the vast majority of non-HCC malignancies (di-

agnostic accuracy 98.3%) [244, 245]. In terms of diag-

nostic accuracy of CEUS for small HCC, recent meta-

analysis studies demonstrated that pooled per-lesion sen-

sitivity and positive predictive value of CEUS are similarly

high (84.4 and 89.3%) compared with CT (73.6 and 85.8%)

and MRI (77.5 and 83.6%), with better cost-effectiveness

than CT or MRI [226, 246, 247]. A comparison of the

diagnostic ability for hepatic nodules between CEUS using

Sonazoid and contrast-enhanced CT showed that the sen-

sitivity and accuracy were significantly higher for the for-

mer (95.4 and 94.7%) than the latter (85.2 and 82.3%)

[248]. In real clinical practice, however, given that

cirrhotic liver has a limited sonic window for whole-liver

evaluation and that there is a strong need for CT or MRI for

tumor staging, use of CEUS as a first-line diagnostic

approach, albeit possible, may not be more cost-effective

than CT or MRI. As of now, it is generally accepted that

CEUS is a cost-effective second-line imaging modality for

rapid diagnosis of HCC once the liver focal lesion is

detected on US, although dynamic CT or dynamic MRI is

the gold standard for characterization of small nodules at

high risk for HCC in cirrhotic liver in Western guidelines

[2, 249].

CT and MRI

Recommendations

1. Dynamic CT, dynamic MRI, or gadolinium ethoxy-

benzyl diethylenetriamine pentaacetic acid (Gd-EOB-

DTPA)-enhanced MRI is recommended as a first-line

diagnostic tool for HCC when a screening test result is

abnormal (A1).

2. Hallmark of HCC during dynamic CT scan or dynamic

MRI is the presence of arterial enhancement, followed

by wash-out of the tumor in the portal venous and/or

delayed phases (A1).

3. HCC is diagnosed on the basis of imaging criteria in

patients belonging to the high-risk group (chronic

hepatitis B, chronic hepatitis C or cirrhosis) (A1).

4. The combined interpretation of dynamic and hepato-

biliary phase of Gd-EOB-DTPA-enhanced MRI with

diffusion-weighted imaging (DWI) can improve the

diagnostic accuracy of MR imaging for the detection

of HCC (B2).

Table 2 Adjuvant treatments preventing hepatocellular carcinoma recurrence

Refs. Study design Drug Patients Outcomes

Takami et al. [213] RCT Meloxicam Meloxicam (n = 111) versus

control (n = 113)

Negative. 3-year RFS 53.9% in

meloxicam group versus 57.0% in

controls

Habu et al. [214] RCT Menaquinone Menaquinone (n = 21) versus

control (n = 19)

Positive. Assessing only recurrence event:

9.5% in menaquinone group versus

47.4% in controls

Mizuta et al. [215] RCT Menatetrenone Menatetrenone (n = 32) versus

control (n = 29)

Positive. 24-month recurrence rate 39.0%

in menatetrenone group versus 83.2% in

controls and also assessing overall

survival

Hotta et al. [216] RCT Menatetrenone Menatetrenone (n = 21) versus

control (n = 24)

Positive on recurrence event: 33.3% in

menatetrenone group versus 50.0% in

controls, but negative on cumulative

recurrence rate

Yoshida et al. [217] RCT Menatetrenone Menatetrenone (n = 367)

versus controls (n = 181)

Second interim analysis indicated that

vitamin K2 did not prevent disease

occurrence or death, with HR of 1.150

(95% CI 0.843–1.570, p = 0.811)
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Once a screening test result is abnormal or there is

clinical suspicion of HCC, imaging plays a very important

role for diagnosis and staging of this tumor [218, 250–252].

The radiological stage is used to inform clinical decision-

making, optimize treatment strategies, and determine eli-

gibility and priority for LT [252, 253]. As mentioned

above, in addition to typical hemodynamic changes of

HCC such as increased arterial flow and decreased portal

flow, several pathologic changes can occur during devel-

opment of HCC, including changes in cellularity, the

transporters of hepatocytes such as organic anionic trans-

porting polypeptides (OATP), and a decrease in the number

and function of Kupffer cells [218, 227, 229, 254–257].

Accumulating data demonstrate that OATP8 expression

level decreases during hepatocarcinogenesis prior to

reduction in portal venous flow and prior to complete

neoarterialization and to elevation of arterial flow, which

may allow higher sensitivity for detection of malignant

changes [257, 258]. The most reliable diagnostic tests for

HCC diagnosis are quadruple-phase, multidetector CT

(MDCT) and dynamic MRI including late hepatic arterial,

portal venous, and delayed phase imaging at about 3–5 min

after contrast administration [259–261]. Dynamic CT and

dynamic MRI with extracellular gadolinium agents permit

diagnosis and staging of HCC based mainly on assessment

of vascularity [218, 251]. Presence of arterial enhancement

followed by wash-out has sensitivity and specificity of 90

and [95%, respectively, and positive predictive value

approximating 100% among the group having high risk for

developing HCC, e.g., those with liver cirrhosis [262–265].

When extracellular agents are used, dynamic CT and

dynamic MRI permit diagnosis and staging of HCC based

mainly on assessment of vascularity, and the hallmark of

HCC on CT or MRI is presence of arterial hyperenhance-

ment (wash-in) followed by wash-out of the tumor in the

portal venous and/or delayed phases [224, 266–268].

Sangiovanni et al. [269] also reported that the sensitivity of

contrast-enhanced MDCT, and MRI using extracellular

contrast medium for 1–2-cm HCCs was 44 and 44%, with

100% specificity. This may be explained by the fact that its

diagnostic hallmark is often unseen in small HCCs

(B2 cm), resulting from incomplete neoangiogenesis

[224]. According to several recent meta-analysis studies on

the diagnostic accuracy of US, CT, and MRI

[225, 226, 270, 271], the per-lesion sensitivity of MRI for

nodular HCC of all sizes is 77–100%, while that of CT is

68–91%, and MRI showed at least equivalent or higher per-

lesion sensitivity compared with MDCT and therefore

could be the preferred imaging modality for diagnosis of

HCCs [269, 272–275]. The per-lesion sensitivity, stratified

by size, was 100% for both modalities for nodular

HCCs[ 2 cm, 44–47% (MRI) and 40–44% (CT) for

1–2 cm HCCs [269, 272, 276], and 29–43% (MRI) and

10–33% (CT) for HCCs\ 1 cm [269, 273, 276]. To date,

there are insufficient data regarding the specificity of the

combined criteria of wash-in and wash-out appearance in

subcentimeter cirrhotic nodules for HCC diagnosis on

dynamic CT or dynamic MRI.

More recently, cell-specific contrast agents other than

nonspecific extracellular gadolinium-based contrast media

such as superparamagnetic iron oxide (SPIO) particles or

in conjunction with gadolinium-based contrast agents

(double contrast) or gadolinium ethoxybenzyl diethylen-

etriamine pentaacetic acid (Gd-EOB-DTPA) have been

shown to be highly sensitive for detection of HCC, par-

ticularly for small tumors [218, 270, 277–285]. Several

studies demonstrated that hepatobiliary contrast media,

gadoxetate disodium (Gd-EOB-DTPA, Primovist, Bayer

Healthcare, Berlin, Germany) and gadobenate dimeglu-

mine (Gd-BOPTA, Multihance, Bracco, Milan, Italy),

have higher overall sensitivity than dynamic CT or

dynamic MRI using nonspecific gadolinium chelates

[218, 270, 281–285]. A recent meta-analysis study

demonstrated that Gd-EOB-DTPA-enhanced MRI showed

significantly higher per-lesion sensitivity than MRI per-

formed with other contrast agents (87 versus 74%) [270].

However, it should be noted that approximately 10–20%

of HCCs may appear as iso- to hyperintense nodules on

hepatobiliary phase (HBP) images [268, 286]. Despite the

great advantage of Gd-EOB-DTPA-enhanced MRI for

detection of liver malignancies, one possible pitfall of Gd-

EOB-DTPA-enhanced MRI arises from absence of its

equilibrium phase, which can show better wash-out of

HCC than portal phase of dynamic CT or dynamic MRI.

Indeed, hypointensity relative to the liver in the transi-

tional phase (1–5 min) of Gd-EOB-DTPA-enhanced MRI

may reflect hyperenhancement of liver parenchyma rather

than deenhancement of a mass (‘‘pseudo-wash-out’’),

thereby lowering the specificity for HCC diagnosis

[252, 287]. Therefore, to maintain specificity, only portal

venous phase ‘‘wash-out’’ should be used for a noninva-

sive HCC diagnosis, because malignant lesions other than

HCCs, such as intrahepatic cholangiocarcinoma as well as

hemangioma, can show hypointensity on the transitional

phase and/or HBP [224, 288, 289].

Furthermore, diffusion-weighted imaging (DWI) may

improve the diagnostic performance of MRI for small

HCCs by demonstrating higher cellularity of HCC

[290–292]. However, although hypointensity on the HBP

and diffusion restriction could improve the sensitivity for

the diagnosis of HCC, these findings are not specific to

HCC and can be found in other hepatic tumors [224]. Other

ancillary imaging features favor HCC diagnosis, including

presence of intralesional fat, mild to modest hyperintensity

on T2-weighted images [259, 293, 294], and morphologic

findings such as intratumoral hemorrhage, fatty
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metamorphosis, and nodule-in-nodule architecture

[252, 259]. However, great caution is still required when

applying these ancillary imaging features for atypically

enhancing cirrhotic nodules in order to retain high speci-

ficity, facing clinicians with the dilemma of balancing

sensitivity and specificity [224].

Although CT hepatic arteriography (CTHA) and CT

during arterial portography (CTAP) images have been used

as the gold-standard diagnostic method for estimating the

malignancy grade based on hemodynamic alteration, this

has fallen out of favor in most practice settings except in

some countries due to its invasiveness and high false-

positive diagnosis rates [229, 295–297].

Hypovascular nodules associated with liver cirrhosis

include low-grade dysplastic nodule (LGDN) or high-

grade dysplastic nodules (HGDN), early HCCs, and

well-differentiated HCCs [218, 255, 266, 298–302]. As

there are significant overlaps in enhancement patterns

on dynamic CT or dynamic MRI [295–297, 303, 304],

the sensitivity of dynamic CT or dynamic MRI in

detection of borderline nodules is quite low [301]. When

detectable, most borderline lesions have a low–low–low,

iso–low–low, or iso–iso–low enhancement pattern com-

pared with adjacent background liver parenchyma on

CT or MRI during the hepatic arterial, portal venous,

and delayed phases [218, 301, 305, 306]. However,

because expression of OATP8 decreases during hepa-

tocarcinogenesis before complete neoarterialization,

early HCCs may be more frequently visible on the HBP

images of Gd-EOB-DTPA-enhanced MRI as hypoin-

tense nodules [289, 296, 297, 300, 307–313]. HBP

hypointensity is a strong predictor of premalignancy or

malignancy, and its presence favors HGDN or early

HCC over LGDN or cirrhotic nodule [310, 314–316].

Although several imaging features are reported to be

associated with interval progression to hypervascular

HCCs, including large ([9–10 mm diameter) nodule

size on initial imaging, nodule growth speed, hyperin-

tensity on T2-weighted images or DWI, hyperintensity

on pre-T1-weighted imaging, and intratumoral fat

components [289, 315, 317, 318], it is quite challenging

to differentiate early HCC from HGDN based on MRI

findings [315]. More recently, when hypovascular nod-

ules are detected by MDCT and MRI, the guidelines

published by the (JSH) recommend use of CEUS using

Sonazoid and Gd-EOB-DTPA-enhanced MRI [319]. The

guidelines published by the JSH stated that hypovascu-

lar nodules that are hypointense in the hepatobiliary

phase of Gd-EOB-DTPA-enhanced MRI and hypoechoic

in the Kupffer phase of CEUS using Sonazoid can

almost always be diagnosed as early HCC even without

biopsy. However, it is highly likely that there may be

some overlaps between early HCCs and HGDNs on both

Gd-EOB-DTPA-enhanced MRI and CEUS using Sona-

zoid, so these noninvasive diagnostic criteria for hypo-

vascular nodules need to be confirmed with further

studies. As of now, those hypovascular nodules showing

hypointensity on HBP of Gd-EOB-DTPA-enhanced MRI

and decreased uptake in the Kupffer phase of CEUS

using Sonazoid require biopsy and pathologic confir-

mation, as they possess high malignant or premalignant

potential.

Tumor markers

Recommendations

1. Alpha-fetoprotein (AFP) is not recommended as a

confirmatory test in small HCC (B1).

2. The cut-off value of AFP should be set at 200 ng/mL

for surveillance programs when used in combination

with US (B2).

3. The cut-off value of AFP can be set at lower value in a

population with hepatitis virus suppression or eradica-

tion (B2).

Tumor markers for HCC are used in diagnosis and

treatment evaluation and during follow-up after treatment.

The diagnostic performance of tumor markers is evaluated

in terms of sensitivity, specificity, and likelihood ratios for

positive and negative results (LR?/LR-) [320]. There is

an inverse relationship between sensitivity and specificity

according to cut-off values. Setting a lower cut-off value

increases sensitivity and decreases specificity, and vice

versa. A tumor marker with high LR? is useful in con-

firming diagnosis, whereas a tumor marker with high LR-

is useful in exclusive diagnosis. Those likelihood ratios

also change according to cut-off values. The serum level of

a tumor marker usually increases as the total tumor volume

increases. This fact indicates that the sensitivity of a tumor

marker essentially decreases as the target tumor size gets

smaller when the cut-off value is fixed.

Since surveillance with alpha-fetoprotein (AFP) alone is

only acceptable in a population-based setting and not rec-

ommended for high-risk population for HCC [321], the

optimal cut-off value of AFP for surveillance should be

determined on the premise that it is examined simultane-

ously with US. In such a situation, lower cut-off value

increases the frequency of recall procedures and subse-

quent negative results and decreases the efficiency of the

program.

Combination of two or more tumor markers may con-

tribute to increased sensitivity without decreasing speci-

ficity when the correlation among them is small enough.

However, to date the efficacy of adding another tumor

maker to a surveillance program with US and AFP has not
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been fully assessed, especially in terms of cost-

effectiveness.

AFP

AFP has served as a diagnostic test for HCC since the

1970s, when most patients with HCC were diagnosed at

advanced stage and with clinical symptoms [322]. Con-

centration higher than 500 ng/mL was diagnostic. How-

ever, the usefulness of AFP as a diagnostic test in small

HCCs is limited. According to a systematic review, the

sensitivity, specificity, and LR? of AFP in HCC smaller

than 5 cm in diameter ranged from 0.49 to 0.71, 0.49 to

0.86, and 1.28 to 4.03, respectively, with cut-off value of

20 ng/mL and from 0.04 to 0.31, 0.76 to 1.0, and 1.13 to

54.25, respectively, with cut-off value of 200 ng/mL [323].

In meta-analysis, AFP with cut-off value of 200 ng/mL

showed a better combined LR? than with that of 20 ng/mL

(5.85 versus 2.45). The cut-off value of AFP should be set

at 200 ng/mL instead of 20 ng/mL when used with US in a

surveillance program, considering its efficiency.

It is well known that AFP levels increase in patients with

active hepatitis or cirrhosis and without HCC, reflecting

necroinflammation and regeneration; this fact is the major

cause of its low specificity in high-risk population. On the

other hand, AFP levels decrease according to decreased

hepatitis activity by nucleos(t)ide analogs in chronic hep-

atitis B and by interferon-based treatments in chronic

hepatitis C. In fact, increased sensitivity of AFP in those

populations was reported, setting lower cut-off values

[324, 325].

Des-gamma-carboxyprothrombin (DCP)

Des-gamma-carboxyprothrombin (DCP), also known as

prothrombin induced by vitamin K absence-II (PIVKA-II),

is an abnormal prothrombin protein that is increased in the

serum of HCC patients. Since the report by Liebman et al.

[326], DCP has been recognized as not only a highly

specific marker for HCC but also a predictor of prognosis

of HCC patients [327, 328]. According to a systematic

review, the sensitivity, specificity, and LR? of DCP in

HCC smaller than 5 cm in diameter ranged from 0.14 to

0.54, 0.95 to 0.99, and 6.86 to 29.7, respectively, with cut-

off value of 40 mAU/mL and from 0.07 to 0.56, 0.72 to

1.0, and 3.56 to 13.0, respectively, with cut-off value of

100 mAU/mL [323]. In meta-analysis, DCP with cut-off

value of 40 mAU/mL showed a better combined LR? than

with that of 100 mAU/mL (12.60 versus 4.91). According

to a more recent systematic review, DCP showed better

diagnostic performance than AFP in diagnosis of early

HCC in terms of area under the receiver operating char-

acteristic (ROC) curves (0.84 versus 0.68) [329]. However,

funnel plot analysis suggested the presence of publication

bias in DCP studies (p = 0.02). In fact, in a large-scale

study enrolling 1377 patients with HCC and 355 with

chronic hepatitis or cirrhosis, the diagnostic performance of

DCP was inferior to that of AFP in terms of area under the

ROC curves in small (\5 cm) HCC [330].

Lens culinaris agglutinin-reactive fraction of AFP

(AFP-L3)

AFP-L3 is a fucosylated variant of AFP that reacts with

Lens culinaris agglutinin A and can differentiate an

increase in AFP due to HCC from that in patients with

benign liver disease [331–333]. According to a systematic

review, the sensitivity, specificity, and LR? of AFP-L3 in

HCC smaller than 5 cm in diameter ranged from 0.22 to

0.33, 0.93 to 0.94, and 4.63 to 30.8, respectively, with cut-

off value of 10% and from 0.21 to 0.49, 0.94 to 1.0, and

8.06 to 45.1, respectively, with cut-off value of 15% [323].

In meta-analysis, AFP-L3 with cut-off value of 15%

showed better combined LR? than with that of 10% (13.1

versus 4.89). One of the major drawbacks of AFP-L3 was

that it could not be measured when the AFP value was less

than 10 ng/mL. Recently, a highly sensitive assay system

was developed which enables AFP-L3 measurement in the

range of AFP less than 10 ng/mL [334].

Glypican-3 (GPC3)

Glypican-3 (GPC3) is a heparan sulfate proteoglycan

anchored to the plasma membrane. It has been reported that

GPC3 messenger RNA levels are increased in HCC

[335, 336]. Whereas the role of GPC3 in immunohisto-

chemical staining was established [337], the reported diag-

nostic performance of serum GPC3 was inconsistent, mainly

due to heterogeneous and unestablished assay system [338].

Other tumor markers

Various tumor markers have been proposed including

Golgi protein 73 (GP73) [339], osteopontin [340], circu-

lating cell free DNA [341], and microRNAs [342]. How-

ever, none of them were introduced into daily practice,

mainly due to significant heterogeneity in reports and lack

of profitability regarding cost-effectiveness.

Combination of tumor markers

Simultaneous measurement of tumor markers enables

improved sensitivity without deteriorating specificity when

they have weak association. The sensitivity, specificity, and

LR? of AFP and DCP in small HCC were reported to be

0.48, 0.99, and 48 with cut-off value of 200 ng/mL for AFP
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and 40 mAU/mL for DCP [343]. A more recent systematic

review reported that the area under the ROC curve was not

improved by the combination of DCP and AFP (0.83)

compared with DCP alone (0.84) [329].

Diagnostic algorithm

Recommendations

1. Typical HCC can be diagnosed by imaging, regardless

of its size, if a typical vascular pattern (i.e., arterial

enhancement with portal venous wash-out) is obtained

on dynamic CT, dynamic MRI, or CEUS (A1).

2. Nodular lesions that show an atypical imaging pattern

(e.g., iso- or hypovascular in the arterial phase or

arterial hypervascularity alone without portal venous

wash-out) should undergo further examination (A1).

3. Gd-EOB-DTPA-enhanced MRI can detect the earliest

initial change of HCC, including HGDN, and early

HCC (B1).

This section of the guidelines is markedly revised from

the APASL 2010 guidelines [4]. Various studies have

verified the usefulness of Gd-EOB-DTPA-enhanced MRI

for diagnosis of HCC [268, 286, 296, 297, 300,

311–313, 317, 318, 344–363], although this method is not

yet included in the AALSD or European Association for

Study of the Liver (EASL) guidelines [2, 63, 364, 365].

Only the updated APASL diagnostic algorithm includes

Gd-EOB-DTPA-enhanced MRI as a first-line diagnostic

tool for HCC, similar to the JSH-LCSGJ guideline [366].

Many institutions use US to screen for HCC, followed

by dynamic CT or dynamic MRI for subsequent exami-

nations. When a lesion is intensely enhanced in the arterial

phase and shows hypoenhancement in the equilibrium

phase by dynamic CT or transitional phase by Gd-EOB-

DTPA-enhanced MRI, a diagnosis of HCC is unproblem-

atic; however, benign hypervascular lesions (such as high-

flow-type hemangioma), cholangiocarcinoma or combined

HCC must be ruled out. When the hepatobiliary phase of

Gd-EOB-DTPA-enhanced MRI or the Kupffer phase of

CEUS using Sonazoid confirms a defect in these hyper-

vascular nodules, the lesion is diagnosed as HCC.

When a lesion shows low attenuation in the equilibrium

phase of dynamic CT, even though it is not intensely

enhanced during the early arterial phase, it is possible that a

more sensitive tool may diagnose it as hypervascular HCC;

thus, either Gd-EOB-DTPA-enhanced MRI or CEUS is

necessary. Gd-EOB-DTPA-enhanced MRI is useful for

differentiating HCC (even early HCC) from a dysplastic

nodule (DN) [299, 309, 367, 368].

Among the nodular lesions associated with liver cir-

rhosis, LGDN and HGDN (both of which are considered to

be precancerous lesions), early HCC, and nodule-in-nodule

liver cancer are regarded as nonhypervascular

[299, 309, 367, 368]. The most sensitive modalities that

can objectively depict the early carcinogenic process are

(1) Gd-EOB-DTPA-enhanced MRI, followed by (2)

CTAP/CTHA [369, 370], and (3) CEUS [237, 362, 371].

Portal blood flow may be maintained in some cases of DN

and early HCC, but is reduced in other nodules, although

arterial blood flow in cases of DN and early HCC will not

have increased yet.

The hepatobiliary phase of Gd-EOB-DTPA-enhanced

MRI can detect the earliest initial changes suggestive of

HCC. The second earliest initial carcinogenic changes are

detected by CTAP and the third earliest by CTHA or CEUS

(an increase in intranodular arterial blood flow). However,

because CTHA and CTAP are invasive tests, they are only

performed in a few countries. Indeed, they are not common

in the majority of countries in the Asia–Pacific region.

Since Gd-EOB-DTPA-enhanced MRI can identify initial

carcinogenic changes earlier than CTHA and CTAP

[258, 357, 372], the latter have been almost completely

replaced by Gd-EOB-DTPA-enhanced MRI. Hypervascu-

lar lesions depicted as nodule-in-nodule or as entire

hypervascular nodules can be interpreted as advanced

cancer, even though they are very small (\2 cm).

Dynamic CT and Gd-EOB-DTPA-enhanced MRI show

high sensitivity for arterial blood flow, but cannot detect

arterial vascularity in some nodules (detection depends on

acquisition timing, tumor location, and liver function),

even though lesions appear hypervascular on CEUS.

Nodules showing intense enhancement on dynamic CT and

Gd-EOB-DTPA-enhanced MRI are assumed to exhibit

high intensity on T2-weighted images and DWIs of MRI.

It is recommended that institutions specializing in liver

cancer use Gd-EOB-DTPA-enhanced MRI rather than

dynamic CT, even when no tumor is detected on US.

Institutions that cannot perform Gd-EOB-DTPA-enhanced

MRI as the first-line modality may use dynamic CT as a

first screening/diagnostic step, even when no nodule is

evident on US; however, it is absolutely essential that Gd-

EOB-DTPA-enhanced MRI or CEUS be performed when

dynamic CT does not identify hallmarks of HCC (i.e.,

arterial enhancement with venous wash-out) in the detected

nodule.

If Gd-EOB-DTPA-enhanced MRI (or dynamic CT)

identifies a hypervascular nodule with venous wash-out, a

definitive diagnosis of HCC can be made. If Gd-EOB-

DTPA-enhanced MRI (or dynamic CT) shows a hyper-

vascular nodule without venous wash-out, a diagnosis of

HCC can be made if the nodule shows hypointensity in the

hepatobiliary phase of Gd-EOB-DTPA-enhanced MRI.

Also, in this case, another modality or MRI sequence

should be used to rule out high-flow-type hemangioma,
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because the latter can exhibit characteristics similar to

HCC. If the hepatobiliary phase of Gd-EOB-DTPA-en-

hanced MRI identifies the nodule as isointense or hyper-

intense, biopsy is necessary to confirm the diagnosis

(Fig. 1a).

Isointense or hyperintense nonhypervascular nodules in

the hepatobiliary phase of Gd-EOB-DTPA-enhanced MRI

can enter the routine surveillance protocol. However,

nonhypervascular hypointense nodules have high potential

for malignant transformation [296, 297, 311–313, 317, 318,

345, 346, 351, 355, 356, 373–379], therefore CEUS study

using Sonazoid is highly recommended. HCC can be cor-

rectly diagnosed by CEUS if hypervascularity and/or a

defect in the Kupffer phase is observed. Even when a

nodule is hypovascular on CEUS with an evident defect in

the Kupffer phase, a finding of hypointensity in the hepa-

tobiliary phase of Gd-EOB-DTPA-enhanced MRI is highly

suggestive of malignancy [300]. Accordingly, biopsy is

recommended for nodules 1.0 cm or larger to make a dif-

ferential diagnosis between early HCC and a DN. If a

nodule is diagnosed as a DN or a borderline lesion,

intensive follow-up (every 3–6 months) with Gd-EOB-

Fig. 1 Diagnostic algorithm for

hepatocellular carcinoma using

multiple modalities (a) and only

dynamic CT/MRI (b) (APASL
2016). *Cavernous hemangioma

sometimes shows hypointensity

on the equilibrium (transitional)

phase of dynamic Gd-EOB-

DTPA MRI (pseudo-wash-out).

It should be excluded by further

MRI sequences and/or other

imaging modalities. �Cavernous
hemangioma usually shows

hypointensity on the

hepatobiliary phase of Gd-EOB-

DTPA MRI. It should be

excluded by other MRI

sequences and/or other imaging

modalities
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DTPA-enhanced MRI (or dynamic CT) is recommended.

Intensive follow-up is also recommended for nodules

smaller than 1.0 cm (Fig. 1a). In field practice, multiple

imaging modalities are not available at all institutions.

Thus, a diagnostic algorithm based on using only dynamic

CT (or MRI) is shown in Fig. 1b.

Surveillance

Recommendations

1. Surveillance for HCC should be undertaken in high-

risk groups of patients and is recommended (B2). The

high-risk groups of patients for whom a surveillance

strategy is recommended are described in Table 3.

2. Measurement of AFP alone is not recommended for

routine surveillance of HCC (A1).

3. The combination of US and serum AFP measurement

performed biannually should be used as a surveillance

strategy for HCC (B2).

Surveillance is continuous monitoring for disease

occurrence and includes application of a diagnostic test in

subjects who are predisposed to develop a given disease.

The primary motive of a surveillance strategy is to achieve

a reduction in disease-related mortality through prompt

diagnosis (stage migration), which could, in turn, increase

the cost-effectiveness and applicability of certain curative

therapies. To consider an intervention effective, it must

result in an increase in longevity of approximately 90 days,

and if this goal can be attained at a cost of less than

approximately US $50,000 per year of life gained, it can be

deemed cost-effective [380].

Which modality is to be used for surveillance?

Tests that are widely available include tumor markers, such

as AFP, and various imaging techniques, including US, CT,

and MRI of the abdomen.

US

US is widely used for surveillance of HCC; its wide-

spread popularity is due to its potential advantages of

being noninvasive, an absence of risks associated with the

procedure, and good acceptance by patients at a relatively

moderate cost. A meta-analysis that included 19 studies

showed US to be less effective in detecting early-stage

HCC (demonstrating sensitivity of only 63%). However,

it could detect the vast majority of HCCs before the

disease would present clinically (depicting pooled sensi-

tivity of approximately 94%) [223]. In a study by Sato

et al. [381] including 1431 patients with chronic HCV,

US-based surveillance performed by trained operators

resulted in early detection of HCC with average tumor

size of 1.6 ± 0.6 cm and only 1.4% of cases exceeded

tumor size of 30 mm. Thus, it was suggested that US-

based surveillance performed biannually was adequate for

early detection of HCC at size smaller than 3 cm [381].

The performance of US in an HCC surveillance strategy

strongly depends on the quality of the equipment and the

expertise of the performing operator. Thus, special train-

ing is warranted for ultrasonographers.

CT

Existing evidence does not support routine use of CT

scan as part of the surveillance strategy for HCC.

Patients with a C1 cm nodule in the liver are recom-

mended to undergo a contrast-enhanced CT scan of the

abdomen as a confirmatory test for the diagnosis of

HCC, including unenhanced, arterial, venous, and

delayed phase imaging. A randomized trial in 2013

examined 163 patients who had compensated cirrhosis.

These patients were tested with either annual CT plus

biannual AFP measurements or biannual US plus serum

AFP measurements. The combination of biannual US and

AFP was marginally more sensitive at detecting HCC

compared with annual CT (sensitivity and specificity of

71.4 and 97.5%, respectively, versus 66.7 and 94.4%,

respectively). This approach was deemed more cost-ef-

fective as well [222].

Table 3 Groups where HCC surveillance is recommended

HCC risk (per year)

Cirrhotic hepatitis patients

HBV 3–5%

HCV 2–7%

NASH 2–4%

Genetic hemochromatosis Unknown, but

probably[1.5%

Primary biliary cirrhosis 2–3%

Alpha 1 antitrypsin (A1AT)

deficiency

Unknown, but

probably[1.5%

Autoimmune hepatitis

Other etiologies Unknown

Chronic HBV carriers

Noncirrhotic (HBsAg positive)

Asian females[50 years 0.3–0.6%

Asian males[40 years 0.4–0.6%

Africans aged[20 years NA

History of HCC in the family NA
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MRI

Similar to the recommendations made for CT scanning of

the abdomen, no existing evidence is available to recom-

mend use of abdominal MRI as part of a routine surveil-

lance strategy for detecting HCC. For patients with a

C1 cm nodule in the liver, dynamic imaging, such as

contrast-enhanced MRI of the abdomen, is often needed as

a confirmatory test.

AFP and other serum markers

Measurement of serum AFP levels is a commonly used

strategy for surveillance of HCC because it is widely

available, inexpensive, and easy to perform. However, AFP

has suboptimal performance as a serological test for

surveillance of HCC because it depicts fluctuating levels in

patients with cirrhosis with a flare of HCV or HBV

infection, in exacerbations of the underlying liver disease,

or with the occurrence of HCC [382]. Abnormal serum

AFP levels can be detected in only a meager proportion of

early-stage HCC tumors (10–20%), which has been cor-

related now with a particular subtype of HCC depicting an

aggressive behavior (S2 class, EpCAM positive) [383].

AFP level of 10.7 ng/ml showed the best combination of

specificity (78.1%) and sensitivity (77.2%), a cutoff that

approaches the routine limits of normalcy [384].

Other serum markers, such as (DCP), a-fucosidase,
AFP-L3%, and GPC3, are used predominantly in the

diagnostic rather than surveillance setting. The presence of

elevated AFP-L3% is correlated with an HCC tumor with

shorter doubling time, and raised serum DCP levels might

be indicative of microinvasion [327, 385]. The HALT-C

trial studied the AFP and DCP levels of 39 patients with

HCC at diagnosis and 1 year before diagnosis. Neither test

alone, nor the combination of the two, was adequate for

HCC surveillance because the sensitivity of these two

markers was very low when they were used either alone or

in combination for the strategy to be considered efficacious

and cost-effective in detecting HCC at an early stage [386].

Thus, at present, other than AFP, none of these markers can

be recommended routinely as part of a surveillance strategy

in patients at risk for HCC [327, 387].

Combination of imaging and serum markers

Conflicting results have been obtained in studies regarding

combination of imaging modalities with serum biomarkers

for surveillance of HCC.

The pooled data of a meta-analysis that included 19

studies revealed the combination of US and serum AFP

measurement versus US alone to be less specific, no better

at detecting subclinical and early-stage HCC, and also not

cost-effective. Although the combination of US and serum

AFP resulted in marginally increased sensitivity of 69%

compared with 63% for US, this result was not statistically

significant [209].

In contrast, a recent study demonstrated that serum AFP

at cut-off of 20 ng/ml had specificity and sensitivity of 93.3

and 52.9%, respectively, whereas US had specificity and

sensitivity of 74.2 and 92.0%, respectively. A combination

of US and AFP demonstrated specificity and sensitivity of

68.3 and 99.2%, respectively. It was shown that, when

using a cutoff level at 20 ng/ml and AFP level increase of

C2 times from its nadir in the past 12 months, the com-

bination of AFP and US depicted improved specificity of

71.5% and sensitivity of 99.2% [388].

The benefit of surveillance was demonstrated in a subset

of patients with chronic HBV by Zhang et al. [389], in

which biannual US and serum AFP measurement decreased

mortality from HCC by 37%. Compliance with scheduled

tests was depicted to be approximately 58.2%.

Several reports indicated the cost-effectiveness of HCC

surveillance, and that US combined with AFP has been

shown to increase quality-adjusted life years in patients

who suffered from HCC, especially those who underwent

resection or transplantation [390, 391]. The cost-effec-

tiveness of HCC surveillance depends on the potential of

receiving curative therapy in high-risk patients. Thus, if

patients are ineligible for treatments due to severe liver

disease or other comorbidities, HCC surveillance is not

necessary.

Surveillance interval

The surveillance interval should depend on the median

tumor doubling time, which in HCC is demonstrated to be

80–117 days. Thus, a 6-month surveillance interval seems to

be a reasonable choice. A meta-analysis has demonstrated

that the pooled sensitivity of a US-based 6-month surveil-

lance strategy drops to 50 from 70% for an annual program

[223]. A study by Anderson et al. [392] demonstrated that

semiannual US surveillance for HCC in cirrhotic patients

improves clinical outcomes at a reasonable cost.

In a RCT that enrolled patients with compensated cir-

rhosis, no significant difference was documented in the rate

of HCC detection by using an US-based surveillance

strategy every 3 or 6 months [393]. Thus, in the light of

current evidence, biannual US with AFP-based surveil-

lance seems appropriate and is currently recommended.

Who should be screened and who should not be

screened?

The economic scenario in each country dictates the

threshold at which a surveillance program can be
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considered cost-effective. Patients who have liver cirrhosis

and those who have chronic HBV infection (even in the

absence of cirrhosis) constitute the high-risk group

(Table 3) [394].

Cirrhotic patients

Studies depicting cost-effectiveness suggest that an inci-

dence of HCC of C1.5% per year would require imple-

menting a surveillance strategy in patients with cirrhosis

[395], which would be irrespective of the etiology involved

[396, 397]. The presence of late-stage decompensated cir-

rhosis (Child–Pugh class C) prohibits use of potentially

curative therapies, thus implementing surveillance strate-

gies may not be a cost-effective approach in this subset of

patients [398]. Cost-effectiveness of HCC surveillance

depends on the potential of receiving curative therapy in

high-risk patients. Thus, if patients are ineligible for

treatments due to severe liver disease or other comorbidi-

ties, HCC surveillance is not necessary. An exception to

this is patients who are on a wait list for liver transplan-

tation, who should undergo screening for HCC regardless

of their liver functional status, because detecting tumors

that exceed the conventional criteria may help formulate

priority policies for liver transplantation. A recent Danish

nationwide cohort study of patients suffering from alcohol-

related cirrhosis of the liver demonstrated that the 5-year

cumulative risk of HCC was only 1.0% [399]. Thus, it was

suggested that a surveillance strategy in this subset of

patients might not prove to be cost-effective. However,

further studies are needed to verify these findings.

Noncirrhotic patients

Patients with chronic HBV infection are also prone to HCC

development in the noncirrhotic stage. The cut-off for the

annual incidence of HCC is still ill defined in this subset of

patients, although opinions from expert groups suggest that

surveillance strategies are needed if the incidence of HCC

is at least 0.2% per year [63]. The incidence of HCC

developing in adult African or Asian active chronic HBV

carriers or those having a history of HCC in the family

exceeds this value, and Asian patients having high HBV-

DNA levels ([10,000 copies/mL) in serum are linked to a

yearly risk of more than 0.2%/year [127].

A recent study by Lok et al. [400] showed that HCC can

occur in noncirrhotic patients with chronic HCV who suffer

advanced fibrosis (METAVIR F3). Because the transition

to cirrhosis from advanced fibrosis cannot be determined

accurately, patients with chronic HCV with bridging

fibrosis can be considered for surveillance; however, fur-

ther data are needed before making this recommendation.

Noninvasive methods to ascertain liver fibrosis, such as

transient elastography (TE), appear to be novel tools to

stratify patients at different HCC risks [401]. On the other

hand, HCV-infected patients without cirrhosis remain at

risk for HCC even after achieving SVR. Fibrotic stage (F2

or 3), old age, gamma-glutamyl transferase (cGT) levels,
and DM carry high risk of HCC occurrence in noncirrhotic

patients, and these patients should be followed carefully for

HCC after SVR [402, 403].

Patients with NAFLD who do not have underlying cir-

rhosis might also benefit from surveillance strategies,

because emerging evidence suggests an increased risk of

HCC development in this subset of patients [404]; how-

ever, more data on this aspect are needed before this

strategy is recommended routinely [63]. Groups for whom

HCC surveillance is uncertain are shown in Table 4.

Treated chronic viral hepatitis

Patients who achieve sustained HBV-DNA suppression or

HBeAg seroconversion in chronic HBV and SVR in

chronic HCV have increased; however, those treatments do

not eliminate the risk of HCC completely [405, 406]. Thus,

surveillance can be offered to treated patients with chronic

HCV who have advanced fibrosis or cirrhosis even after

achieving SVR and also to patients with chronic HBV who

remain at risk of HCC due to various baseline factors.

Treatments

Liver resection (LR) and liver transplantation (LT)

Recommendations

1. Liver resection (LR) is a first-line curative treatment

for HCC among Child–Pugh class A patients when

resectability is confirmed in terms of tumor burden and

Table 4 Groups in which HCC

surveillance is uncertain
Patient group HCC risk (per year)

Chronic hepatitis C-induced advanced fibrosis \1.5%

Chronic hepatitis B carriers younger than 50 years (females) or 40 years (males) \0.2%

NAFLD, noncirrhotic stage \1.5%
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liver functional reserve by multidisciplinary evaluation

(B2).

2. Liver transplantation (LT) provides the best curative

treatment for all HCC patients from an oncologic point

of view, and is recommended as a first-line treatment

for HCC among Child–Pugh class B and C patients, if

the liver graft is available (A1).

3. For cirrhotic Child–Pugh class A patients with HCC,

resectability should be discussed in a multidisciplinary

team, and LT may be a second-line treatment in a

salvage fashion (B2).

The optimal surgical strategy for HCC has been contro-

versial so far, as indicated by the great difference in the

indication for liver resection (LR) and LT for HCC among

major algorithms worldwide [407]. When considering LR

for HCC, the extent of radical resection to remove the tumor,

as well as the functional reserve of the diseased liver and the

volume of the future liver remnant, must be taken into

account. LT is now an established surgical treatment for

HCC patients. In contrast to LR, there is no restriction for

the indication of LT, at least in terms of liver function, and

LT, which could potentially cure both the diseased liver and

HCC, is superior to any other conventional therapeutic

options from an oncologic point of view. It is now a matter

of debate how best to select those to be offered LR or LT

among HCC patients [408]. This section summarizes the

current opinions regarding LR and LT for HCC.

LR

Recent advances in surgical technique and postoperative

management have made LR safe even for those with cir-

rhosis; however, there is still no consensus regarding the

tumor burden and the liver functional reserve suitable for

surgical removal with adequate survival. Indeed, in the

current most popular guidelines, surgery is restricted to

those patients in the very early or early stages of disease

[Barcelona-Clinic Liver Cancer (BCLC) score 0–A]

[2, 409]. However, LR in the real world is completely dif-

ferent from the BCLC recommendations, as demonstrated in

the recent multicenter study reporting that 50% of patients

with intermediate or advanced HCC are treated routinely

with surgery in tertiary referral centers worldwide [410].

Thus, it seems difficult to set clear indication of LR for HCC

at present, and LR should at least be considered in a mul-

tidisciplinary setting as a potentially curative therapy for not

only patients with BCLC stage 0–A, but also patients with

BCLC stages B and C. At present, however, the AASLD

and EASL guidelines [2, 63], following the BCLC recom-

mendations, set narrower indication for LR. LR is only

recommended for those with single nodule and Child–Pugh

class A without evidence of portal hypertension.

In contrast, LR is indicated for more progressed HCC in

terms of tumor burden and for more diseased patients in

terms of liver function in the treatment algorithms of Asian

countries [411]. Firstly, in terms of tumor burden: The

Japanese treatment algorithm recommends LR for those

with single HCC (any size, regardless of macrovascular

invasion) and those with multiple nodules within 3 in

number (any size) [366, 412, 413]. The Hong Kong treat-

ment algorithm recommends LR for those with early tumor

(B5 cm, B3 tumor nodules, no intrahepatic venous inva-

sion) and intermediate tumor ([1] B5 cm, either[3 tumor

nodules or with intrahepatic venous invasion, or [2][5 cm,

3 tumor nodules, and no intrahepatic venous invasion)

[414]. The Korean treatment algorithm adopts wider indi-

cation of resection for HCC in which LR is allowed for

those with curatively treatable disease (no limit regarding

tumor burden) [415]. Secondly, in terms of liver functional

reserve: The Japanese treatment algorithm recommends LR

for those with Liver Damage A and B [412]. The Hong

Kong treatment algorithm recommends LR for those with

Child–Pugh class A and B early tumor and those with

Child–Pugh class A intermediate tumor [414].

LT

LT is the only treatment that offers the real chance of a

cure for both HCC and the underlying liver cirrhosis; the

shortage of liver grafts and the possibility of tumor recur-

rence, however, are strong limiting factors. To minimize

HCC recurrence, the Milan criteria are now accepted as the

gold-standard patient selection criteria in terms of tumor

burden: solitary HCC less than 5 cm in diameter or within

3 nodules less than 3 cm in diameter, and without radio-

logical evidence of vascular invasion or distant metastasis

[416]. The most widely accepted criteria for the expansion

of Milan are the University of California, San Francisco

(UCSF) criteria: solitary tumor B65 mm in diameter, or

2–3 tumors, each with diameter B45 mm and total tumor

diameter B80 mm, and without radiological evidence of

vascular invasion or distant metastasis [417]. While it is

widely accepted that the Milan criteria are too strict in

terms of posttransplant recurrence rate and could definitely

be expanded to some extent without impairing patient

outcome, one must always be aware that any kind of

expansion in tumor size or number includes the potential to

worsen the posttransplant survival in patients with HCC

[418]. The ‘‘metroticket paradigm’’ well describes this

principle: the longer the distance beyond the conventional

indication criteria with more aggressive tumor burden, the

higher the price in terms of postoperative impairment in

survival. Excessive expansion of inclusion criteria will

result in a significant increase in organ demand, with a

consequent increase in waiting time and a deterioration of
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OS among patients with HCC as a whole in the corre-

sponding region [419]. Moreover, the allocation system

should take into account how much the extension of criteria

for HCC patients will negatively influence the wait list of

patients without HCC. According to studies based on the

US transplant registry using Markov models, patients

beyond the Milan criteria would need to achieve 5-year

survival of above 60% to prevent a substantial decrease in

the life-years available to the entire population of candi-

dates for LT [420].

The Milan criteria are also standard indication criteria

for LT for HCC patients in Asian countries. However, in

Asia where living-donor liver transplantation (LDLT) is

the mainstay for LT, things are somewhat different from

region to region [421]. Unlike deceased-donor LT, LDLT

is not limited by the restrictions imposed by the nationwide

allocation system, and the indication for LDLT in patients

with HCC often depends on institutional or case-by-case

considerations, balancing the burden on the donor, the

operative risk, and the OS benefit for the recipient. Caution

should be paid to the possible increased recurrence rate in

LDLT when compared with deceased-donor LT [422],

while reports of this issue seem conflicting [423]. In Japan,

each center has developed institutional expansion criteria,

while National Insurance covers only those within the

Milan criteria. In Taiwan and Hong Kong, the UCSF cri-

teria [417] are adopted. In Mainland China, Hangzhou or

Chengdu criteria are used with satisfactory outcome [424].

In Korea, the UCSF or Milan criteria are basically used, but

LDLT can be offered for any HCC without distant

metastasis under National Insurance coverage. In conclu-

sion, the Milan criteria are still the gold-standard criteria of

LT for HCC patients worldwide, and seem best to be

included in the treatment algorithm for HCC to set the

tumor burden limitation.

The indication of LT for HCC in terms of liver func-

tional reserve is based on the model for end-stage liver

disease (MELD) score with additional points in Western

countries [418]. Consequently, LT can be offered for those

with Child–Pugh class A as shown in the BCLC algorithm,

if they satisfy the Milan criteria [425]. In contrast, in Asian

countries, where liver grafts are extremely scarce, LT is

recommended for those with decompensated liver cirrhosis

(Child–Pugh class B and C) in patients with HCC as well

as in those with other diseases.

LR versus LT

LT is definitely superior to LR or other locoregional

treatments from the oncologic viewpoint, since it enables

the widest possible resection margins and completely

removes the diseased liver at risk of developing HCC.

Considering that 5-year survival after LR for HCC among

those with Child–Pugh class B is around 60% at a maxi-

mum [426, 427], LT should be recommended for such

patients, if the graft is available. On the contrary, there is

ongoing controversy regarding the indication of LR and LT

for HCC among those with Child–Pugh class A liver dys-

function [428–431]. As mentioned above, LT is recom-

mended as a primary treatment for HCC among those with

Child–Pugh class A with evidence of portal hypertension

in Western countries; however, given the shortage of liver

grafts, the selection of patients who can achieve a com-

parable outcome by LR is a matter of debate

[429, 432, 433]. Chapman et al. [434] reported signifi-

cantly worse patient survival and RFS of LR compared

with LT among noncirrhotic patients with HCC within the

Milan criteria. Similarly, Adam et al. [435] reported worse

outcomes of LR against LT among those with solitary HCC

with diameter less than 5 cm. The significantly impaired

RFS of LR was observed even for those with solitary HCC

less than 3 cm in diameter. On the contrary, Vitale et al.

[436] found that LR achieved better patient survival

regardless of tumor stage provided that the patient’s MELD

score was less than 10. According to the meta-analysis

performed by Proneth et al. [437], resectable HCC should

primarily be resected as a good alternative to LT when both

LR and LT seem feasible, although the data collected for

the meta-analysis were of low quality of evidence. Some

European authors reported that salvage LT following LR

may have poorer outcomes than upfront LT [438, 439],

although those are retrospective single-center observational

studies. LR versus LT for those initially admissible for both

treatments should be investigated by well-designed

prospective study. In addition, one should always be aware

that intention-to-treat analysis, not just survival from

operation, should be considered when comparing LT and

LR.

In contrast, in Asian countries where locoregional

treatments are the mainstay strategy for HCC, LT is not

recommended for Child–Pugh class A patients [411], and

LR achieved 5-year survival rate of around 60% among

Child–Pugh class A recipients even with portal hyperten-

sion [440], and when restricted to Child–Pugh class A

patients within the Milan criteria, the 5-year survival rate

reaches above 70% [441, 442]. Given the absolute scarcity

of liver grafts and excellent locoregional treatment strate-

gies in Asian countries, Child–Pugh class A, noncirrhotic

patients with HCC should firstly undergo LR rather than

LT if both are feasible, and the resectability of HCC should

be evaluated in a multidisciplinary fashion for Child–Pugh

class A, cirrhotic patients. Several methods for estimation

of liver functional reserve, such as indocyanine green

retention rate at 15 min (ICG-15), 99mTc-galactosyl

human serum albumin (GSA) scintigraphy, 13C-methace-

tin breath test (LiMAx), MELD score, serum albumin-
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bilirubin (ALBI) grade, aspartate transaminase-to-platelet

ratio index (APRI), and FibroScan may be helpful for

further stratification among Child–Pugh class A patients to

elucidate better candidates for LR (or LT).

Decisions on resectability of HCC

The perspective of surgeons

While discussing the resectability of HCC, both technical

and oncological aspects should be taken into consideration,

as for the case of colorectal liver metastases. Satisfactory

long-term prognosis is required to justify surgical resec-

tion, even if a tumor is technically and safely resectable.

However, it is quite difficult to define ‘‘satisfactory prog-

nosis,’’ because various points need to be considered,

including social, ethical, economic, and emotional issues.

Thus, in this section, we focus on the technical aspects

related to the resectability of HCC.

In general, the surgical indications for HCC are decided

not only according to the conditions of the tumor, but also

according to the liver function, because HCC is frequently

associated with liver dysfunction or cirrhosis caused by

viral hepatitis, steatohepatitis, alcohol abuse, etc. Extensive

resection of noncancerous liver parenchyma, which is a

risk factor for fatal postoperative liver failure, should be

avoided as much as possible. To prevent postoperative liver

failure, accurate preoperative estimation of both the liver

functional reserve and liver volume to be resected is

essential.

There are several methods available to estimate the liver

functional reserve, such as determination of the Child–

Pugh score, the MELD score, determination of the hepatic

venous pressure gradient, 99mTc-galactosyl serum albu-

min liver scintigraphy, and measurement of the ICG R15.

Although, in Western countries, determination of the

Child–Pugh score is the standard method, it provides too

rough an estimate to allow accurate quantitative evaluation

of the liver functional reserve or accurate prediction of the

surgical risk in patients with liver dysfunction. On the other

hand, in Asian countries, the ICG R15 value is regarded as

an important parameter to estimate the liver function and

tolerable resection volume. Especially in Japan, the so-

called Makuuchi’s criteria [443], which include ICG R15,

have been widely applied to determine the surgical indi-

cations and surgical procedures for HCC. Several authors

have reported achieving zero or very low mortality with

use of these criteria [444, 445]. Despite the ICG test being

associated with some minor, but practical problems, such

as the slight invasiveness associated with the injection of

ICG and the long time needed for the test, we recommend

that the ICG test also be performed in Asia–Pacific

countries other than Japan, because the safety of the sur-

gery is coming to be regarded as the first priority in this

region.

The MELD score, which is calculated from laboratory

values for creatinine, bilirubin, and international normalized

ratio for prothrombin time, is well known as a good pre-

dictor to guide care in patients with end-stage liver disease

awaiting transplantation. However, it is not useful to decide

indication of resection, because it assesses only the degree of

synthetic dysfunction but not the severity of portal hyper-

tension. The hepatic venous pressure gradient is also a well-

known factor adopted in treatment algorithms advocated by

the BCLC group. However, it is not used in clinical practice,

because of the difficulty of direct measurement.

To increase the safety of surgical resection, it is also

important to accurately estimate the liver volume to be

resected and the liver volume to be preserved. Recently, a

three-dimensional (3-D) virtual hepatectomy simulation

software has been developed, which enables estimation of

the anatomic relationships between the tumors and vessels

in the liver. Preoperative volumetric estimation becomes

easier and more accurate with the use of this software

[446]. By applying the results of the preoperative volume

estimation to Makuuchi’s criteria, the surgical indications

in HCC patients with underlying liver cirrhosis can be

determined more precisely, increasing the safety of liver

surgery. Because this evaluation method requires the

aforementioned expensive software and digital data

obtained by MDCT, it may be difficult or impossible to

apply at all institutions. However, manual volumetric

estimation, which was the method employed before the

introduction of the 3-D simulation software, is a useful

substitute and should be considered in difficult situations. If

the liver volume that can be preserved is too small com-

pared with the estimated liver function, portal vein

embolization is a good choice to avoid the risk of liver

failure. This method, which was originally developed for

treatment of hilar bile duct carcinoma [447], can be applied

to obtain sufficient remnant liver volume before major

hepatectomy for HCC. If preoperative evaluations suggest

that the future liver remnant would be insufficient, portal

vein embolization is a useful method to ensure the safety of

major hepatectomy by increasing the volume of the con-

tralateral ‘‘remnant’’ lobe.

The accumulated experience and tremendous efforts of

preceding surgeons have remarkably increased the safety

and expanded the indications of liver surgery in patients

with HCC. If liver function can be preserved, the range of

‘‘technically resectable’’ HCC will also expand. However,

whether HCC tumors are technically/practically

resectable or not should be decided considering the clinical

practice recommendations at each institution. In addition to

the skill level and experience of the surgeons, a
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multidisciplinary approach is also important to cope with

various kinds of complication. Institution-related condi-

tions are expected to become more and more significant in

the future.

In conclusion, the resectability of HCC has to be

determined with first priority accorded to the safety of

resection. Appropriate and accurate preoperative evalua-

tions by expert surgeons and institutions are indispensable.

The perspective of hepatologists

Hepatic resection is a quite complicated surgical procedure

among various operative methods. When considering

hepatic resection for HCC, surgeons have to evaluate tumor

location and liver functional reserve and decide an appro-

priate extent of resection and specific resection technique

such as limited resection and systematic resec-

tion. Although there are several algorithms to guide secure

hepatic resection, the detailed operative plan can only be

formed by well-experienced hepatobiliary surgeons in

marginally resectable cases. Therefore, the role of hepa-

tologists is limited to monitoring surgeons’ skill based on

outcomes such as in-hospital mortality. It is well known

that in-hospital mortality is strongly affected by the number

of hepatic resections performed annually in a hospital

[448]. In other words, the resectability of HCC in terms of

safety differs markedly among surgeons, hospitals, and

countries. Basically, hepatic resection should be performed

by surgeons specialized in hepatobiliary surgery rather than

general gastroenterological surgeons. If hepatologists judge

their surgeons not to be prepared for difficult hepatic sur-

gery, they have to recommend referral to other hospitals

with well-experienced hepatobiliary surgeons or, in some

‘‘ablatable’’ cases, to another department with expertise in

local ablative therapy.

Local ablation

Recommendations

1. Percutaneous ablation therapies should be performed

on patients with HCC, generally for Child–Pugh

class A or B patients with three or fewer tumors, each

3 cm or less in diameter (B1).

2. Ethanol injection is a treatment of choice only in cases

in which radiofrequency ablation (RFA) cannot be

performed safely because of either enterobiliary reflux,

adhesion between the tumor and the gastrointestinal

tract, or other reasons (B1).

3. RFA is recommended as an image-guided percuta-

neous ablation technique (A1).

4. RFA is an acceptable alternative to resection for HCC

3 cmor smaller in Child–Pugh class A or B patients (B1).

5. RFA is a first-line treatment in HCC 2 cm or smaller in

Child–Pugh class A or B cirrhosis (B1).

Image-guided percutaneous ablation therapies include

ethanol injection [449–451], microwave ablation (MWA)

[452], radiofrequency ablation (RFA) [453–455], and oth-

ers. They are potentially curative, minimally invasive, and

easily repeatable for recurrence. They are mainly per-

formed on patients with small HCC, generally in Child–

Pugh class A or B patients with three or fewer tumors each

3 cm or less in diameter.

Percutaneous ethanol injection was first reported in the

early 1980s [449–451], and was long the standard in abla-

tion. Survival of patients treated with ethanol injection has

been reported to be 38–60% at 5 years [456–459]. Local

tumor progression after percutaneous ethanol injection has

been reported to occur in 6–31% depending on the tumor

size [456, 458, 460, 461]. Percutaneous ethanol injection has

been considered a safe procedure, with mortality and mor-

bidity of 0–3.2% and 0–0.4%, respectively [458–460, 462].

Nowadays, ethanol injection is a treatment of choice only in

cases in which RFA cannot be performed safely because of

either enterobiliary reflux, adhesion between the tumor and

the gastrointestinal tract, or other reasons.

Percutaneous MWA, in which cancer tissue is ablated by

dielectric heat produced by microwave energy emitted

from the inserted bipolar-type electrode, was introduced

into clinical practice in the 1990s [452]. The first-genera-

tion MWA has been replaced by RFA in Japan [463],

because of small volume of ablation. New-generation

MWA systems incorporating antenna cooling and high-

power generation have received considerable attention

[464]. New-generation MWA may create a more pre-

dictable ablation zone, and a larger ablation volume in a

shorter procedure time. However, its cumulative reported

experience is limited. Further studies are needed, especially

from the viewpoint of long-term survival.

In RFA, radiofrequency energy emitted from the

exposed portion of the electrode is converted into heat,

which causes necrosis of the tumor. RFA has recently been

the most widely used ablation technique for HCC. Its

survival has been reported to be 39.9–68.5% at 5 years and

local tumor progression to be 2.4–27.0% [465–470].

Mortality and morbidity of RFA have been reported to be

0.9–7.9% and 0–1.5%, respectively [465–469]. Compared

with RFA alone, combination of RFA with TACE may

increase the volume of necrosis [471, 472], and might

improve overall survival [473, 474]. Likewise, hepatic

arterial balloon occlusion during RFA might extend the

area of ablation and decrease tumor recurrence from the

same subsegment as the ablated tumor [475].

Irreversible electroporation (IRE) is a nonthermal tumor

ablation technique that uses electric pulses to induce cell
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death, while preserving the structural integrity of bile ducts

and vessels. IRE seems to be useful for tumors near a major

Glisson’s sheath [476].

There have been five RCTs comparing RFA with etha-

nol injection. Four of them demonstrated superiority of

RFA over ethanol injection, in terms of treatment response,

recurrence, and OS [455, 477–479], while the other trial

showed that OS was not significantly different between

RFA and ethanol injection [480]. Ethanol injection, how-

ever, does not require special instruments and is cheaper.

Ethanol injection might be a treatment of choice in very

small HCC.

An RCT comparing RFA with first-generation MWA

demonstrated that the number of treatment sessions was

fewer in RFA, although complete therapeutic effect, major

complications, and local tumor progression were not sta-

tistically different between the two therapies [481].

It is not easy to compare outcomes between RFA and

surgical resection; the indications are different between the

two treatments. Furthermore, indications for each treatment

are different from institution to institution. Thus, a case

adjudged to be treatable by RFA or surgical resection at an

institution may not be given the same treatment at another.

There have been four RCTs comparing RFA with surgical

resection. Three of them showed that OS was similar

between RFA and surgical resection. A trial on patients

with a solitary HCC 5 cm or smaller showed that OS and

disease-free survival (DFS) were not statistically different

between RFA and resection, but complications were more

frequent and severe after surgery [482]. Another trial on

patients with nodular diameters of less than 4 cm and up to

2 nodules showed that there were no statistically significant

differences between RFA and surgical resection in terms of

OS and RFS [483]. In another trial on patients with HCC

3 cm or smaller in diameter, there was no significant dif-

ference in DFS or OS between RFA and hepatectomy,

although the incidence of postoperative complications and

hospital stay were significantly greater in hepatectomy

[484]. The remaining study on patients within the Milan

criteria showed that OS and RFS were significantly lower

in RFA than in surgical resection [485].

Concerning OS, some nonrandomized comparative

studies reported that RFA had similar survival to resection

[486–497], while others found that resection was associ-

ated with higher survival [426, 498–502]. Even in studies

which reported that surgical resection was superior to RFA,

there was no significant difference in OS between RFA and

surgical resection in patients with HCC 2 cm or smaller in

diameter [426] or 3 cm or smaller in diameter [499–501].

In one study, RFA had better long-term survival than sur-

gical resection after propensity score analysis [503]. RFA

was associated with fewer major complications [494, 500]

and shorter hospital stay [494]. RFA may be more cost-

effective than surgical resection [504]. Most studies

reported that RFS was higher in surgical resection than in

RFA, although OS was not significantly different between

RFA and surgical resection in them. This is probably

because surgical resection removes a much larger volume

of liver parenchyma, which may result in removal of some

occult metastases and reduction of new carcinogenesis but

may be prone to liver decompensation. In addition, most

recurrence can be treated curatively by iterative RFA [469]

but not by repeated surgical resection. Although further

RCTs are warranted to compare ablation with surgical

resection [505], data available at present suggest that OS is

not significantly different between RFA and surgical

resection. Various innovations, such as CEUS [506] and

multimodality fusion imaging [507], would improve out-

comes in ablation.

Ablation is less invasive and less expensive. Because

patients with HCC have been markedly aging, minimally

invasive therapies such as ablation would play a more

important role. Because many Asian countries are still

developing, from the viewpoint of medical economics,

highly cost-effective therapies such as ablation should have

priority. Ablation techniques, especially RFA, may be an

alternative to surgery in selected cases.

Transarterial chemoembolization (TACE)

Recommendations

1. Transarterial chemoembolization (TACE) is recom-

mended as a first-line treatment of HCC for patients

with unresectable, large/multifocal HCCs who do not

have vascular invasion or extrahepatic spread (A1).

2. Selective TACE can be performed in patients with

small tumors in whom ablation is difficult to perform

because of tumor location or medical comorbidities

(B1).

3. Selective or superselective TACE should be attempted

in order to preserve nontumorous liver parenchyma,

maximize treatment effect, and minimize complica-

tions (A1).

4. TACE using drug-eluting beads has similar therapeutic

efficacy with less systemic adverse events compared

with conventional TACE (B2).

5. Other treatment strategies might be considered for

patients with HCC who are not suitable for or do not

response to repeated TACE (B2).

6. Transarterial radioembolization (TARE) with yttrium-

90-loaded resin/glass beads may be used as an

alternative locoregional treatment for unre-

sectable HCC (B2).
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Although the normal liver receives a dual blood supply

from the hepatic artery and the portal vein, HCC is sup-

plied almost exclusively by the hepatic artery [508]. TACE

exploits the preferential hepatic arterial supply of HCC for

targeted delivery of chemotherapeutic agents, usually

mixed with lipiodol, followed by embolization or reduction

in arterial flow using various types of particles (e.g., gel-

foam particles), while sparing the surrounding liver par-

enchyma [509]. TACE is currently considered as the

mainstay of therapy for unresectable, large/multifocal

HCCs without vascular invasion or extrahepatic spread

[510]. TACE provided a significant survival benefit in

selected HCC patients with preserved liver function and

adequate performance status [511–514]. Therefore, the

guidelines published by the EASL and AASLD recom-

mend TACE as a first-line, noncurative therapy for non-

surgical patients with large/multifocal HCC who do not

have vascular invasion or extrahepatic spread [2, 63]. In

addition, according to the guidelines published by the JSH

[515], hepatectomy or TACE is recommended if there are 2

or 3 tumors of less than 3 cm, and TACE or hepatic arterial

infusion chemotherapy is recommended if there are 4 or

more tumors. In addition, TACE can be performed in

patients at early stage in whom RFA is difficult to perform

because of tumor location or medical comorbidities [516].

TACE is also the first-line therapy for downstaging tumors

that exceed the criteria for LT.

As TACE usually does not induce significant liver

dysfunction even in cirrhotic patients and treatment-related

mortality is less than 5% [516, 517], the benefits of TACE

procedure should not be offset by treatment-induced liver

failure. TACE is associated with transient postembolization

syndrome, but incidence of severe events has been reported

to be less than 5%, including hepatic insufficiency, liver

abscess, acute cholecystitis or gastrointestinal bleeding

[517, 518]. Important predisposing factors are major portal

vein obstruction, compromised hepatic functional reserve,

biliary obstruction, previous biliary surgery, excessive

amount of iodized oil, and nonselective embolization

[519]. Therefore, selective or superselective TACE should

be attempted to maximize tumor necrosis and to minimize

procedure-related complications by preserving nontumor-

ous liver parenchyma [520, 521].

However, there is no standardized protocol for TACE

in terms of treatment schedule or type and dosage of

anticancer agent. In addition, predictions of its therapeutic

efficacy are limited by the use of nonstandardized

embolic material. TACE performed with drug-eluting

beads (DEB-TACE) loaded with doxorubicin has been

shown to modify the pharmacokinetics of the injected

chemotherapy, allowing longer intratumoral exposure and

less systemic exposure of the drug, reducing toxicity

[522, 523]. In prospective clinical trials, liver toxicity and

systemic adverse effects occur less frequently after DEB-

TACE than conventional TACE. Although there is no

significant benefit of DEB-TACE over conventional

TACE with respect to objective response, selected patient

groups such as those with Child–Pugh class B, ECOG

performance status 1, bilobar disease, and recurrent dis-

ease showed a significant increase in objective response in

DEB-TACE group [524]. Furthermore, DEB-TACE was

associated with improved tolerability, with a significant

reduction in serious liver toxicity and side-effects [524].

Despite these promising results, use of DEB-TACE in

Asia has been relatively low compared with Western

countries [2, 415, 525]. So far, in Asia, there has been no

robust evidence favoring use of DEB-TACE in terms of

efficacy and cost-effectiveness. Therefore, further research

is required to address this issue.

Although TACE is considered the standard of care for

nonsurgical HCCs that are also ineligible for percutaneous

ablation, those with so-called bulky tumor burden (tumor

size [5 cm) and Child–Pugh class B showed the worst

survival outcomes (median OS of about 9 months) [526].

Furthermore, several scoring systems [i.e., SNACOR

[527], hepatoma-embolisation prognostic (HAP) score

[528], modified HAP score [529], Selection for TrAnsar-

terial chemoembolisation TrEatment (STATE) score [530],

and the Chiba HCC in intermediate-stage prognostic

(CHIP) score [531]] have been developed, identifying a

subgroup with unfavorable outcomes. Among them,

STATE score based upon tumor burden (up-to-7 criteria),

albumin level, and C-reactive protein level was suggested

as an objective point score to guide the decision regarding

the first treatment, showing that lower STATE score was

associated with worse outcome [530]. In a similar context,

the Assessment for Retreatment with TACE (ART) score,

an objective point score to guide the decision regarding

retreatment with TACE, was developed based upon an

increase of aspartate aminotransferase by [25%, Child–

Pugh score increase, and absence of radiological response

[532]. Higher ART score was associated with major

adverse events after the second TACE (P = 0.011) [532].

Based upon these findings, sequential use of the STATE

and ART scores was suggested to identify the most suit-

able and unsuitable patients for multiple TACE sessions

[530]. So, for such a population with relatively unfavorable

outcomes primarily owing to tumor burden and/or liver

function, other treatment options based upon multidisci-

plinary approaches, including a switch of treatment

modality from TACE to sorafenib or hepatic arterial infu-

sion chemotherapy, might also be considered. Vice versa,

even for large/multinodular HCC, active curative treat-

ments including LT (e.g., within up-to-7 criteria), or so-

called downstaging strategies might be tried in selected

cases [533–535].
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According to conventional size-based response evalua-

tion criteria, i.e., World Health Organization (WHO) cri-

teria [536], the reported rate of objective response ranges

between 16 and 60% [513, 517]. The Response Evaluation

Criteria in Solid Tumors (RECIST) [537] generally ignore

tumor necrosis, and thus may underestimate treatment

response [538]. In contrast, two enhancement criteria, the

EASL criteria [539] and the modified RECIST (mRECIST)

[540], have demonstrated superior efficacy for assessing

treatment response and predicting survival outcome com-

pared with the WHO criteria or RECIST [541–543]. The

objective response rate using enhancement criteria ranges

between 58 and 86%, and 20–41% achieve complete

response [538, 541–543]. In addition, the biological

response based upon changes in tumor markers after

treatment might be used as an ancillary method for

assessment of overall response [544, 545].

Another issue related to TACE is the concept of ‘‘fail-

ure’’ or ‘‘refractoriness’’ to TACE. So far, several studies

have tried to address this [366, 525, 546–548]. The JSH has

provided a definition of TACE failure/refractoriness as two

or more consecutive ineffective responses seen within the

treated tumors, two or more consecutive progressions in the

liver (including an increase in the tumor number), contin-

uous elevation of tumor markers right after TACE,

appearance of vascular invasion, and appearance of extra-

hepatic spread [366]. Similarly, according to Raoul et al.

[546], a switch of treatment modality from TACE to others

including sorafenib might be considered for those who

have progression after two sessions of TACE. However,

there is still no consensus regarding the definition of TACE

failure or refractoriness. Moreover, there is no proven

therapy for the purpose of rescue, although sorafenib res-

cue might improve survival in patients who experience

TACE failure, compared with those who continue TACE

[549, 550]. Other treatment modalities including internal or

external radiotherapy and new molecular targeted agents

have been studied as potential rescue therapies for patients

with TACE failure.

Many attempts have been made to improve the treat-

ment outcomes of TACE. Combination of sorafenib and

TACE might be an eligible option [551]. However, a RCT

comparing the efficacy in HCC treated with sorafenib or

placebo plus DEB-TACE showed that combination therapy

did not improve outcome [552].

Transarterial radioembolization (TARE) involves

injection of implantable radioactive microspheres into

tumor-feeding arteries in order to expose the tumor to

highly concentrated radiation while protecting the normal

parenchyma. TARE using yttrium-90 is an evolving and

promising regional therapy, which can complement or

replace TACE [2, 415, 553]. In a European phase II study

of patients with intermediate or advanced HCC, TARE

resulted in 40.4% objective tumor response rate with

median survival of 15 months [554]. In another large ret-

rospective cohort study conducted in the USA, the median

survival of TARE-treated patients with portal vein invasion

was significantly shorter than those without invasion (10

versus 15.3 months) [555, 556]. In a recent prospective

multicenter Korean study, the 3-month tumor response rate

was 57.5% and the 3-year OS rate was 75% [557].

Although there is not enough evidence confirming clinical

benefit of TARE compared with conventional TACE,

TARE might be recommended to patients who are not good

candidates for TACE due to bulky tumor and/or portal vein

invasion, based on published data.

Radiation therapy

Recommendations

1. Although stereotactic body radiotherapy (SBRT) and

proton beam (also carbon ion beam) are reasonable

options for patients who have failed other local ther-

apies, radiotherapy (RT) has not been shown to

improve outcomes for patients with HCC. However,

RT may be considered for symptomatic bony metas-

tases (C2).

Although HCC is considered to be a radiosensitive

tumor, it also is located in a radiosensitive organ. Due to

the development of three-dimensional conformal radiation

therapy (3D-CRT), radiotherapy (RT) can be performed

more safely for patients with HCC without severe toxicity.

Technological developments for targeting HCC precisely

with RT [intensity-modulated RT (IMRT) and image-gui-

ded approaches, including stereotactic body radiotherapy

(SBRT)] can improve the benefit and reduce the risk.

However, they do not alter the high recurrence rates in

other nontreated areas of the liver. There are no large-scale

RCTs demonstrating an effect of any form of RT on sur-

vival and no consensus regarding the optimal use of this

therapy. Thus, RT is not recommended in the AASLD and

EASL guidelines for treating HCC [2, 63]. Even though

strong evidence is lacking, RT may be one of the promising

treatment options for HCC.

Indications

The lack of strong evidence to support RT for patients with

HCC is reflected in the various recommendations of expert

groups in different countries. The AASLD and EASL

guidelines do not address use of external-beam RT for

treatment of HCC [2, 63]. Consensus-based guidelines

from the National Comprehensive Cancer Network

(NCCN) list external-beam RT (conformal or stereotactic)
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as an alternative option to ablation or arterially directed

therapies for patients with unresectable HCC who have

contraindications for liver transplantation. An expert con-

sensus group of the Americas Hepato-Pancreato-Biliary

Association (AHPBA) concluded that RT can provide local

control for some unresectable HCC lesions, that better RT

planning and delivery (for example, hypofractionation,

stereotactic treatment, proton beam, and carbon ion beam

therapy) have the advantage of increasing the radiation

dose to unresectable HCC without causing severe toxicity,

and that strategies combining RT with other therapies merit

continued evaluation [558]. SBRT and proton beam (also

carbon ion beam) are reasonable options for patients who

have not responded to other local modalities and have no

extrahepatic disease, limited tumor burden, and relatively

good liver function. Where available, proton beam and

carbon ion beam irradiation is a reasonable approach for

patients with large HCC with or without tumor thrombus of

vessels.

Contraindications

The radiation dose must be relatively low to minimize the

radiation effect on normal liver included in the treatment

field. Use of RT should be limited to patients with suffi-

cient liver function (Child–Pugh score 7 or less) and liver

volume outside the radiation field. Patients with Child–

Pugh score of 8 or more have elevated risk of radiation-

induced hepatic toxicity or liver failure [559]. A relative

contraindication to RT is previous hepatic radiation to the

same segment of the liver. While retreatment may be

possible in select cases, these patients should be evaluated

in a tertiary care center by experts on hepatic RT

[560, 561].

Efficacy

3D-CRT

With the development of 3D-CRT techniques, RT can be

performed more safely to the HCC with less liver toxicity.

Most available data are from retrospective or single-center

studies [562, 563]. A phase II trial in France reported

sustained local tumor control in 78% of patients with early-

stage HCC (one nodule and B5 cm, or two nodules and

B3 cm) who were treated with 3D-CRT [564]. One of the

problems with RT is the high intrahepatic recurrence rate

outside of the high-dose irradiation area, which may be

caused in part by difficulties with accurately targeting HCC

during conventional RT treatment planning [565].

SBRT

SBRT (sometimes called stereotactic radiosurgery) is a

technique in which a limited number of high-dose RT with

hypofractionation (typically 3–6) are delivered to a small,

definite target using multiple, nonparallel radiation beams.

The beams converge on the target lesion, minimizing

radiation exposure to other normal tissue or organs. This

targeting makes it possible to treat a lesion in either a

single or limited number of dose fractions. Experience with

SBRT for HCC is increasing [566–569]. In the largest

series, 93 patients (Child–Pugh A: 69 patients; Child–Pugh

B: 24 patients) with small HCCs (median 2 cm; range

1–6 cm) who were not eligible for surgical resection or

RFA were treated with SBRT [566]. The in-field complete

response rate was 16%, but the in-field progression-free

survival at 3 years was 92%.

Charged-particle radiation therapy

There is a growing body of evidence, primarily from Japan,

supporting use of proton beam and carbon ion beam irra-

diation, particularly for patients with large tumors or portal

vein thrombus [570–573]. In one study, 162 patients with

192 HCCs were treated with proton beam irradiation [570].

Most tumors had diameter of 3–5 cm. The majority of the

patients had past history of receiving other nonsurgical

treatments. The 5-year local control and 5-year survival

rates were 87 and 24%, respectively.

Complications

Minimizing radiation-induced complications depends on

careful patient selection and radiation treatment planning.

The most common acute side-effects include transient

fatigue, nausea, vomiting, and right upper quadrant pain.

Possible long-term side-effects include worsening hepatic

function with ascites, edema, hepatomegaly, thrombocy-

topenia, and elevated liver function tests. Rarely, cases of

radiation-induced biliary stenosis, portal vein thrombosis,

or death from radiation-induced liver failure have been

reported [574].

Response assessment

Dynamic CT or dynamic MRI is usually performed at

4 weeks, 2–3 months later, and then at 3-month intervals

for at least 1 year. If there has been no recurrence of dis-

ease after a year, imaging will be performed every

4–6 months.
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Systemic therapy

Recommendations

1. Sorafenib is recommended for the first-line treatment

of advanced-stage patients (macrovascular invasion or

extrahepatic metastasis) who are not suitable for

locoregional therapy and who have Child–Pugh

class A liver function (A1).

2. Sorafenib may be used with caution in patients with

Child–Pugh class B liver function (B2).

Sorafenib

Sorafenib, a multikinase inhibitor of Raf, vascular

endothelial growth factor receptor (VEGFR), platelet-

derived growth factor receptor (PDGFR), c-kit, Flt-3, and

RET [575], has been approved for the treatment of

advanced HCC in patients with Child–Pugh class A liver

function worldwide. The approval is generally based on the

results of two phase III, double-blind, placebo-controlled

trials [576, 577]. The first trial (SHARP trial) was con-

ducted primarily in Europe and the USA (HCV: 28.1%,

alcoholic liver disease: 26.4%) with the primary end point

of OS. The second trial was conducted primarily in the

Asia–Pacific population (HBV: 73%) with an almost

identical design to the SHARP trial. Sorafenib resulted in a

similar survival benefit in these two different patient pop-

ulations. The hazard ratios of OS and time to radiological

progression were 0.69 and 0.58 in the SHARP trial and

0.68 and 0.57 in the Asia–Pacific trial. Exploratory sub-

group analyses of the two trials indicated that sorafenib

treatment prolonged survival regardless of patient age,

performance status, and tumor burden (vascular invasion or

extrahepatic spread). However, sorafenib rarely induced

radiological responses (SHARP trial: 2%, Asia–Pacific

trial: 3.3%). Sorafenib at dosage of 400 mg twice daily is

generally well tolerated. The most common drug-related

adverse events included diarrhea, fatigue, hand–foot skin

reaction, and rash/desquamation, most of which were

grade 1 or 2. The most common causes of treatment

interruption or dose reduction were hand–foot skin reac-

tion, rash, and diarrhea.

The efficacy of sorafenib in patients with Child–Pugh

class B liver function has never been prospectively studied

by RCTs. Several noninterventional studies investigated

the efficacy and safety of sorafenib in HCC patients with

Child–Pugh class A versus class B liver function. HCC

patients with Child–Pugh class B liver function, compared

with those with Child–Pugh class A liver function, had

shorter duration of sorafenib use (Child–Pugh class B:

8.4 weeks; Child–Pugh class A: 13.6 weeks) [578] and

shorter median OS (Child–Pugh class B: 3.8–4.5 months;

Child–Pugh class A: 10–13 months) [579–581] but similar

rates of adverse events. Patients with Child–Pugh score 7,

compared with patients with Child–Pugh score 8 or 9, had

higher median OS time, but the difference did not reach

statistical significance [580–583]. Taken together, patients

with Child–Pugh class B liver function did not suffer

excessive risk with sorafenib use, but they were more likely

to develop hepatic decompensation [584], which limited

continuation of sorafenib and thus survival. Therefore,

sorafenib may be used with caution in patients with Child–

Pugh score 7 and is generally not suggested for patients

with Child–Pugh score[7 or decompensated cirrhosis.

Regorafenib

Regorafenib, a novel multikinase inhibitor, has more potent

inhibitory activities against multiple angiogenic pathways

(VEGFR, PDGFR, TIE2, and FGFR) and oncogenic

pathways (RET, KIT, c-RAF/RAF-1, and BRAF) than

sorafenib [585]. Regorafenib, administered at 160 mg once

daily for 3 weeks in each 4-week cycle, has been investi-

gated for its efficacy and safety as a second-line treatment

in a phase III double-blind RCT (RESORCE trial) [586].

Regorafenib, compared with placebo, significantly reduced

the risks of death (HR 0.62; 95% CI 0.50–0.78; p\ 0.001)

and progression or death (HR 0.46; 95% CI 0.37–0.56;

p\ 0.001) in 573 HCC patients (regorafenib: 379 patients;

placebo: 194 patients) with Child–Pugh class A liver

function who had progression on sorafenib. The median OS

and progression-free survival (regorafenib versus placebo)

were 10.6 versus 7.8 months and 3.1 versus 1.5 months,

respectively. The overall response rate (regorafenib versus

placebo) was 10.6 versus 4.1%, respectively (p = 0.005).

Rates of grade C3 adverse events were 79.7% with rego-

rafenib and 58.5% with placebo. The most common grade

C3 adverse events included hypertension, hand–foot skin

reaction, fatigue, and diarrhea.

Treatment algorithm

The latest treatment algorithm is evidence based and

attempts to be comprehensible and suitable for universal

use in the Asia–Pacific region, which has a diversity of

medical environments (Fig. 2). The order of columns cor-

responds to the decision-making process of treatment in

field practice. Standard treatments with high evidence

levels and treatments being widely performed in field

practice in the Asia–Pacific region are demonstrated. The

results of ongoing trials, which will be announced in the

near future, or further planning of prospective studies will

present possibilities for changing standard treatments. It is

greatly hoped that promising results will be delivered from
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the Asia–Pacific region. Although there are various treat-

ments being performed in limited institutions or countries,

those treatments which do not have sufficient supporting

evidence are not indicated in terms of universal use in this

region.

RFA for resectable patients (B3 cm, B3 nodules) and

TACE for patients with macrovascular invasion (no

extrahepatic metastasis) are often performed in field prac-

tice in the Asia–Pacific region. The JSH consensus-based

guidelines and the Hong Kong Liver Cancer staging system

are similar protocols recommended based on these points

[414, 548]. Despite insufficient evidence for standard

treatments at the moment, RFA for resectable patients

(B3 cm, B3 nodules) and TACE for patients with

macrovascular invasion (no extrahepatic metastasis) are

categorized as treatments being widely performed in field

practice in the Asia–Pacific region.

Recently, the concept of conversion from TACE to

sorafenib before the appearance of macrovascular invasion

or extrahepatic metastasis has been advocated by clinicians

from both Europe and Japan [366, 546, 548]. This point of

controversy in clinical practice has been discussed since

the approval of sorafenib for treatment of HCC. Although

only a few retrospective studies have reported the

effectiveness of this concept [549, 550, 587], conversion

from TACE to systemic therapy appears to be a reasonable

treatment strategy. In fact, in field practice, sorafenib has

been administered to a considerable number of patients

without either macrovascular invasion or extrahepatic

metastasis [588]. Thus, this treatment algorithm recom-

mends treatment conversion from TACE to systemic

therapy for patients in whom TACE is ineffective.

The other unique point of this algorithm is the indication

for hepatic resection. It does not include strictly defined

conditions for hepatic resection. According to the Japanese

guidelines, resection is recommended in several treatment

arms, thereby making these recommendations complicated

and confusing [366, 547]. On the other hand, indications

for resection are limited, such as a single lesion and normal

hepatic portal vein pressure, according to the BCLC stag-

ing system [409]. These selection criteria appear to be too

strict and unsuitable for use in the Asia–Pacific region. It

may be difficult to define criterion for resectability that are

generally applicable in countries with varying medical

environments. In this treatment algorithm, indications for

resection are not strictly defined in order to allow surgeons

and hepatologists to collaborate in deciding on therapeutic

strategies. Thus, this algorithm recommends that decisions

Fig. 2 Treatment algorithm for hepatocellular carcinoma (APASL

2016). *Decisions regarding resectability should be discussed in a

multidisciplinary team. �RFA is recommended as the first choice for

the local ablation. �Currently, sorafenib and regorafenib are drugs

that have shown clinical benefits in phase III studies. See text for use

of systemic therapy. §Liver transplantation is recommended when

indicated. ||Local ablation is an alternative treatment in

resectable patients (B3 cm and B3 nodules). Choice of treatments

should be discussed in a multidisciplinary team. }TACE is an

alternative treatment in patients with macrovascular invasion (no

extrahepatic metastasis). Choice of treatments should be discussed in

a multidisciplinary team. **Treatment conversion from TACE to

systemic therapy is recommended for patients in whom TACE is

expected to be ineffective
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regarding resectability are discussed by a multidisciplinary

team, including surgeons and hepatologists. It is also

important for surgeons and hepatologists to provide feed-

back on treatment outcomes to one another.

Clinical trials for new compounds on the horizon

Molecular targeted agents

In addition to sorafenib and regorafenib, a variety of

molecular targeted agents have been thoroughly investi-

gated, including sunitinib [589], brivanib [590, 591], lini-

fanib [592], ramucirumab (angiogenesis inhibitors) [593],

erlotinib (EGFR inhibitor) [594], and everolimus (mTOR

inhibitor) [595]. However, none have shown survival

benefits in either first-line or second-line setting in pha-

se III RCTs. The results of large randomized phase III

trials for lenvatinib (first-line) and cabozantinib (second-

line) will soon be available. All of these trials were con-

ducted in biomarker-unselected HCC patients. Recently,

tivantinib was found effective in MET-high subgroup of

patients [596], and MET-high-enriched randomized pha-

se III studies were initiated. The latest early-phase trials for

selective c-Met inhibitors, tepotinib [597], capmatinib

[598], as well as selective FGFR4 inhibitor FGF401 are

being conducted in biomarker-enriched HCC patients.

Immunotherapy

Immuno-oncology is an emerging area of drug develop-

ment. Major breakthroughs have been achieved in agents

targeting immune checkpoint proteins, such as cytotoxic T

lymphocyte antigen-4 (CTLA-4) and programmed cell

death-1 (PD-1), in patients with various types of cancer

[599–603]. These immune checkpoint inhibitors restore

and sustain activation of either primed or effector T cells to

exert T cell-mediated cancer cell killing. Tremelimumab,

an anti-CTLA-4 antibody, resulted in an objective response

rate of 17.6%, a disease control rate of 76.4%, and time to

progression of 6.48 months in 21 HCV-related HCC

patients who had failed at least one line of systemic therapy

[604]. Nivolumab, an anti-PD-1 antibody, is currently

being investigated as a second-line therapy in a phase I/II

trial. The preliminary data from its dose expansion cohort

showed an objective response of 20% and a 9-month OS

rate of 74% in 214 HCC patients [605]. The objective

responses were observed in all etiology groups. Adverse

events were generally tolerable and manageable in these

two trials. Moreover, a significant proportion of patients

with chronic HBV or HCV infection had reduction of viral

load with study treatment. These promising results indicate

an important step toward a new paradigm of systemic

therapy for advanced HCC. More clinical trials using

immune checkpoint inhibitors alone or in combination with

immunotherapy or molecular targeted therapy are ongoing

(Table 5).
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Liver Resection for Hepatocellular
Carcinoma Associated With
Hepatic Vein Invasion: A Japanese
Nationwide Survey
Takashi Kokudo,1,2 Kiyoshi Hasegawa,1 Yutaka Matsuyama,3 Tadatoshi Takayama,4 Namiki Izumi,5 Masumi Kadoya,6

Masatoshi Kudo,7 Shoji Kubo,8 Michiie Sakamoto,9 Osamu Nakashima,10 Takashi Kumada,11 and Norihiro Kokudo1;

for the Liver Cancer Study Group of Japan

Because of the rarity of hepatic vein tumor thrombus (HVTT) compared with portal vein tumor thrombus (PVTT) in
patients with hepatocellular carcinoma, little is known about this disease entity. The aim of this study was to evaluate the
prognosis of each treatment modality for HVTT through an analysis of data collected in a Japanese nationwide survey.
We analyzed data for 1,021 Child-Pugh A hepatocellular carcinoma patients with HVTT without inferior vena cava inva-
sion registered between 2000 and 2007. Of these patients, 540 who underwent liver resection (LR) and 481 who received
other treatments were compared. Propensity scores were calculated, and we successfully matched 223 patients (49.0% of
the LR group). The median survival time in the LR group was 2.89 years longer than that in the non-LR group (4.47
versus 1.58 years, P < 0.001) and 1.61 years longer than that in the non-LR group (3.42 versus 1.81 years, P 5 0.023) in
a propensity score–matched cohort. After curative resection, median survival times were similar between patients with
HVTT in the peripheral hepatic vein and those with HVTT in the major hepatic vein (4.85 versus 4.67 years, P 5

0.974). In the LR group, the postoperative 90-day mortality rate was 3.4% (16 patients). In patients without PVTT,
the median survival time was significantly better than that in patients with PVTT (5.67 versus 1.88 years, P < 0.001).
Conclusion: LR is associated with a good prognosis in hepatocellular carcinoma patients with HVTT, especially in patients
without PVTT. (HEPATOLOGY 2017;66:510-517).

According to the American Association for the
Study of Liver Diseases/Barcelona Clinic for
Liver Cancer staging system and treatment

guidelines, hepatocellular carcinoma (HCC) associated
with macroscopic vascular invasion is regarded as an
advanced stage of disease with almost zero hope for
a cure.(1) The only proposed treatment option for
this group of patients is palliative sorafenib chemother-
apy.(2) However, the reported median survival time

(MST) of patients with macroscopic vascular invasion
treated with sorafenib is as short as 8.1 months.(3)

Recently, we reported that the survival benefit of liver
resection (LR) in HCC patients with portal vein tumor
thrombus (PVTT) is significant, resulting in an MST
of 2.87 years with a 5-year survival rate of 39.1% in a
Japanese nationwide survey.(4) Therefore, surgical inter-
vention might also play some role in the treatment of
patients with hepatic vein tumor thrombus (HVTT).

Abbreviations: CI, confidence interval; HCC, hepatocellular carcinoma; HR, hazard ratio; HVTT, hepatic vein tumor thrombus; IVCTT, inferior
vena cava tumor thrombus; LR, liver resection; mHVTT, major HVTT; MST, median survival time; pHVTT, peripheral HVTT; PVTT, portal
vein tumor thrombus; TACE, transcatheter arterial chemoembolization.
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Because of its rarity, compared with PVTT, little is
known about HVTT. As a result of recent advances in
surgical techniques and perioperative management,
aggressive surgical resection for HCC with HVTT has
been proposed by several tertiary centers.(5-8) Recently,
a member of our group reported the largest single-
center case series of patients with HVTT who had
undergone LR, resulting in an MST of longer than 4
years.(5) However, the number of patients enrolled in
such studies is generally too small to lead to a definite
conclusion.

The aim of this study was to evaluate the survival
benefit of LR for HCC patients with hepatic vein
invasion through analysis of a large-scale prospective
cohort study based on the latest data available from a
Japanese nationwide survey.

Patients and Methods
PATIENTS

Since 1965, the Liver Cancer Study Group of Japan
has been performing nationwide surveys of patients
with primary liver cancer. Patients are registered and
followed up as reported.(9) The collection and registra-
tion of data for patients with HCC were performed
with the approval of each institution participating in
the nationwide survey. The number of registered insti-
tutions was 645, accounting for approximately one
third of all HCC patients treated in Japan. To analyze
the recent results, we set the study period from 2000 to
2007 (latest data available). The presence of HVTT
and PVTT was determined based on the radiological

findings. HVTT was categorized as tumor thrombosis
in a peripheral hepatic vein (pHVTT, Vv1), in a major
hepatic vein (mHVTT, Vv2), or in the inferior vena
cava (IVCTT, Vv3); and PVTT was categorized into
main trunk/contralateral branch (Vp4), first-order
branch (Vp3), second-order branch (Vp2), and third-
order branch (Vp1), according to the Japanese staging
system.(10) Postoperative mortality was defined as any
death other than tumor progression within 90 days of
surgery.

STATISTICAL ANALYSIS

Statistical analyses were performed using JMP
software, version 12.2.0 (SAS Institute Inc., Cary,
NC). Categorical variables were analyzed using the
chi-squared test. Continuous variables were analyzed
using the Wilcoxon rank-sum test. Overall survival
curves were determined using the Kaplan-Meier
method and compared using the log-rank test. Pro-
pensity scores were created using logistic regression
modeling of the probability of a patient undergoing
LR based on age, sex, viral infection (hepatitis B
and/or C virus), positive serum alpha-fetoprotein
(�15 ng/mL), serum albumin (grams per deciliter),
log10(total bilirubin) (milligrams per deciliter), pro-
thrombin time (percentage), platelet count (104 per
microliter), gastroesophageal varices, multiple tumors
(three or more), tumor size (centimeters), extent of
HVTT, and presence of PVTT (Vp2-3). Because
the log10(total bilirubin) tended to show a normal
distribution for the entire cohort compared to serum
total bilirubin level, this parameter was used instead
(Supporting Fig. S1). A 1:1 match without
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replacement was performed using logit (propensity
score) through the nearest available matching, setting
the caliper at 0.05. A multivariate analysis was per-
formed using a Cox proportional hazards model and
the backward elimination procedure. P < 0.10 was
set as the cutoff value for the elimination. The fol-
lowing nine variables were examined as potential risk
factors: age >70 years, gastroesophageal varices,
platelet count <100,000/lL, positive serum alpha-
fetoprotein (�15 ng/mL), number of tumors �3,
tumor size (centimeters), presence of PVTT (Vp2-
3), mHVTT, and LR. Liver cirrhosis and poor can-
cer cell differentiation were also examined in patients
who underwent LR. All statistical analyses were two-
tailed. P < 0.05 was considered to indicate statistical
significance.

Results
A total of 77,268 patients with HCC were regis-

tered between 2000 and 2007. Among these patients,
11,432 with missing data regarding HVTT and
62,904 without HVTT were excluded from the pre-
sent analysis. Among the remaining 2,932 patients
with HVTT, 740 Child-Pugh B patients, 368 Child-
Pugh C patients, and 54 patients with missing data
regarding their Child-Pugh classification and/or main
treatment were excluded. Among the 1,770 Child-

Pugh A patients with HVTT, 264 Vp4 patients, 235
patients with distant metastasis, and 5 patients with
missing data regarding their survival time were
excluded. Finally, a total of 1,266 Child-Pugh A
patients with HVTT were included in the present
analysis. The extent of HVTT was as follows:
pHVTT, 606 patients (47.9%); mHVTT, 415 patients
(32.8%); and IVCTT, 245 patients (19.4%).

The median follow-up period was 2.08 years (95%
confidence interval [CI] 1.90-2.26). The MST after
diagnosis according to the extent of HVTT was as fol-
lows: pHVTT, 3.15 years (95% CI 2.50-3.84);
mHVTT, 2.03 years (95% CI 1.68-2.49); and
IVCTT, 1.16 years (95% CI 0.92-1.46). Hepatitis C
virus infection, defined as a positive status for hepatitis
C virus antibody, was seen in 609 patients (48.5%).
Hepatitis B virus infection, defined as a positive hepa-
titis B surface antigen status, was present in 263
patients (20.9%).

Of the 1,266 patients with HVTT, 651 underwent
LR (LR group) and 615 received other treatments
(non-LR group). In the non-LR group, 335 patients
(54.5 %) received transcatheter arterial chemoemboli-
zation (TACE), 143 patients (23.3%) received sys-
temic or hepatic arterial infusion chemotherapy, 50
patients (8.1%) received ablation therapy, 69 (11.2%)
patients received best supportive care, and 18 patients
(2.9%) underwent other treatments. Because sorafenib
was only available after 2009 in Japan, none of the

TABLE 1. Baseline Characteristics of 1,266 Patients With Hepatic Vein Invasion According to Treatment Type

Patient
Characteristics

LR Group
(n 5 651)*

Non-LR Group
(n 5 615)* P

Age (years) 64.0 (11.0) 68.3 (10.6) <0.001
Sex (male/female) 542/109 (83.3/16.7) 489/126 (79.5/20.5) 0.087
Hepatitis B virus infection 166 (25.8) 97 (15.8) <0.001
Hepatitis C virus infection 269 (41.8) 340 (55.6) <0.001
Serum albumin (g/dL) 3.92 (0.45) 3.74 (0.49) <0.001
Serum total bilirubin (mg/dL) 0.82 (0.51) 0.98 (0.74) <0.001
Prothrombin time (%) 88.7 (17.1) 85.9 (15.9) 0.001
Platelet count (104/lL) 19.0 (8.69) 16.5 (8.68) <0.001
Gastroesophageal varices 52 (8.4) 156 (25.6) <0.001
Alpha-fetoprotein (�15 ng/mL) 434 (67.2) 459 (75.0) 0.002
Multiple tumors (�3) 126 (19.7) 283 (46.6) <0.001
Tumor size (cm) 8.78 (5.13) 7.77 (5.00) <0.001
Extent of PVTT <0.001
Vp1 191 (29.3) 128 (20.8)
Vp2 137 (21.0) 157 (25.5)
Vp3 92 (14.1) 173 (28.1)
Extent of HVTT 0.035
pHVTT 332 (51.0) 274 (44.6)
mHVTT 208 (32.0) 207 (33.7)
IVCTT 111 (17.1) 134 (21.8)

Data are the mean (standard deviation) or number (percentage) unless otherwise indicated.
*Missing data were not included for baseline characteristics.
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patients received sorafenib as an initial treatment.
Table 1 shows the characteristics of the patients
according to the treatment procedure: the non-LR

group tended to have a poorer liver function status and
a more advanced stage of disease compared with the
LR group.

In the pHVTT/mHVTT patients, the MST after
diagnosis for the LR group was 2.89 years longer than
that for the non-LR group (4.47 years [95% CI 3.40-
5.15] versus 1.58 years [95% CI 1.30-1.83]; P <
0.001) (Fig. 1A). The survival rates at 1, 3, and 5 years
after diagnosis were 80.0%, 56.6%, and 44.2% for the
LR group and 63.7%, 32.6%, and 20.3% for the non-
LR group, respectively. In the non-LR group, the
MST after diagnosis according to treatments was as
follows: TACE, 1.61 years (95% CI 1.29-2.01); sys-
temic or hepatic arterial infusion chemotherapy, 0.87
years (95% CI 0.74-1.13); and best supportive care,
0.52 years (95% CI 0.24-0.95). A multivariate analysis
performed to determine the risk factors for overall sur-
vival also identified non-LR treatment (hazard ratio
[HR] 5 1.61, 95% CI 1.30-2.01; P < 0.001) as one of
the most significant risk factors (Supporting Table S1).
The reason for death is shown in Supporting Table S2.
The frequency of non-cancer-related deaths was com-
parable in the two groups (10.6% versus 11.9%, P 5
0.512), and the median cancer-specific survival time
for the LR group was 3.91 years longer than that for
the non-LR group (6.12 years, 95% CI 4.78-not avail-
able, versus 2.21 years, 95% CI 1.81-2.85; P < 0.001)
(Supporting Fig. S2).

On the other hand, in IVCTT patients, the MST
after diagnosis for the LR group was 0.64 years longer
than that for the non-LR group (1.48 years, 95% CI
1.16-2.52, versus 0.84 years, 95% CI 0.61-1.07; P <
0.001) (Fig. 1B). The survival rates at 1 and 3 years
after diagnosis were 63.2% and 33.1% for the LR
group and 42.3% and 20.1% for the non-LR group,
respectively. In the non-LR group, the MST after
diagnosis according to treatments was as follows:
TACE, 0.84 years (95% CI 0.58-1.17); systemic or
hepatic arterial infusion chemotherapy, 1.28 years
(95% CI 0.51-2.41); and best supportive care, 0.49
years (95% CI 0.18-0.93).

To confirm the survival benefit of LR in Child-
Pugh A patients with pHVTT/mHVTT, the propen-
sity scores were calculated for 455 patients in the LR
group and 380 patients in the non-LR group. We suc-
cessfully matched 223 patients in the LR group (49.0%
of the LR group) and 223 patients in the non-LR
group (58.7% of the non-LR group) based on their
propensity scores. In the non-LR group, 126 patients
(56.5 %) received TACE, 38 patients (17.0%) received
systemic or hepatic arterial infusion chemotherapy, 37
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FIG. 1. Kaplan-Meier estimates for survival according to treat-
ment type for (A) 1,021 patients with HVTT, (B) 245 patients
with IVCTT, and (C) 446 patients with HVTT who were
matched according to propensity score. Numbers below the x axis
indicate the number of patients at risk.
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patients (16.6%) received ablation therapy, 15 (6.7%)
patients received best supportive care, and 7 patients
(3.1%) underwent other treatments. Table 2 shows
that the main characteristics of these patients did not
differ between the two groups. The MST after diagno-
sis in the LR group was 1.61 years longer than that in
the non-LR group (3.42 years, 95% CI 2.40-4.47, ver-
sus 1.81 years, 95% CI 1.48-2.48; P 5 0.023) (Fig.
1C). Furthermore, the survival rates at 1, 3, and 5 years
after diagnosis were 75.6%, 51.8%, and 33.1% for the
LR group and 67.1%, 37.0%, and 27.9% for the non-
LR group, respectively.

The operative procedures and outcomes of the
patients in the LR group who underwent curative
resection according to the extent of HVTT are shown
in Table 3. Major hepatectomy was the most frequent
procedure for all types of HVTT. The MST after sur-
gery according to the extent of HVTT was as follows:
pHVTT, 4.85 years (95% CI 3.38-not available);
mHVTT, 4.67 years (95% CI 3.32-5.88); and
IVCTT, 1.37 years (95% CI 1.07-4.21). The survival
curves were similar between patients with pHVTT and

those with mHVTT (Fig. 2A). The recurrence-free
survival after surgery according to the extent of HVTT
was as follows: pHVTT, 2.36 years (95% CI 1.38-
3.17); mHVTT, 0.88 years (95% CI 0.75-1.32); and
IVCTT, 0.82 years (95% CI 0.42-1.10). The most fre-
quent site of recurrence was intrahepatic for patients
with pHVTT and mHVTT, whereas distant metasta-
sis was the most frequent site for patients with
IVCTT. The postoperative 90-day mortality rate was
4.2% (23 patients) for the entire population and was
higher for patients with IVCTT (pHVTT, 4.3%;
mHVTT, 1.8%; IVCTT, 9.9%). A multivariate analy-
sis performed to determine the risk factors for overall
survival after LR in patients with pHVTT/mHVTT
identified the presence of PVTT (Vp2-3) (HR 5
1.91, 95% CI 1.34-2.70; P < 0.001), number of
tumors �3 (HR 5 1.88, 95% CI 1.28-2.71; P 5
0.002), gastroesophageal varices (HR 5 1.85, 95% CI
1.13-2.90; P 5 0.016), and poor cancer cell differenti-
ation (HR 5 1.57, 95% CI 1.02-2.35; P 5 0.040) as
significant risk factors (Table 4). In patients without
PVTT (Vp2-3), the MST was significantly better than

TABLE 2. Baseline Characteristics of 446 Patients With HVTT Matched by Propensity Score According to Treatment Type

Patient Characteristics LR Group (n 5 223) Non-LR Group (n 5 223) P

Age (years) 66.3 (10.4) 67.5 (11.0) 0.139
Sex (male/female) 187/36 (83.9/16.1) 183/40 (82.1/17.9) 0.614
Viral infection 150 (67.3) 152 (68.2) 0.840
Serum albumin (g/dL) 3.82 (0.44) 3.86 (0.44) 0.543
Serum total bilirubin (mg/dL) 0.84 (0.31) 0.90 (0.59) 0.749
Prothrombin time (%) 87.3 (18.2) 87.8 (15.9) 0.883
Platelet count (104/lL) 16.9 (7.31) 17.5 (9.18) 0.983
Gastroesophageal varices 30 (13.5) 26 (11.7) 0.567
Alpha-fetoprotein (�15 ng/mL) 152 (68.2) 150 (67.3) 0.840
Tumor size (cm) 8.07 (4.36) 7.93 (5.78) 0.184
Multiple tumors (�3) 74 (33.2) 70 (31.4) 0.685
pHVTT/mHVTT 129/94 (57.9/42.2) 126/97 (56.5/43.5) 0.774
PVTT (Vp2-3) 90 (40.4) 90 (40.4) 1.000

Data are the mean (standard deviation) or number (percentage) unless otherwise indicated.

TABLE 3. Operative Procedures and Outcomes for Patients Who Underwent Curative Resection

pHVTT (n 5 305)* mHVTT (n 5 170)* IVCTT (n 5 71)*

Major hepatectomy† 175 (59.9) 124 (76.5) 51 (75.0)
Median survival time (years) 4.85 (95% CI 3.38- n.a.) 4.67 (95% CI 3.32-5.88) 1.37 (95% CI 1.07-4.21)
Recurrence-free survival (years) 2.36 (95% CI 1.38-3.17) 0.88 (95% CI 0.75-1.32) 0.82 (95% CI 0.42-1.10)
Site of the first recurrence
Intrahepatic 92 (32.7) 60 (38.0) 17 (23.9)
Distant metastasis 14 (5.0) 18 (11.4) 9 (12.7)
Both 17 (6.0) 16 (10.1) 15 (21.1)

Median hospital stay (days) 21 (IQR 15-36) 23 (IQR 16-46) 26 (IQR 18-55)
90-Day mortality 13 (4.3) 3 (1.8) 7 (9.9)

Data are the mean (standard deviation) or number (percentage) unless otherwise indicated.
*Missing data were not included for baseline characteristics.
†More than three Couinaud’s segments.
Abbreviation: n.a., not available.
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that in patients with PVTT (5.67 years, 95% CI, 4.54-
not available, versus 1.88 years, 95% CI 1.35-3.50; P
< 0.001) (Fig. 2B).

Discussion
The current study revealed that LR has a significant

survival benefit with an acceptable postoperative mor-
tality rate for patients with HVTT, even in the pro-
pensity score–matched patient groups. Coexisting
PVTT was a significant risk factor for survival after
LR, and patients without PVTT had an MST of more
than 5 years. These results indicate that HVTT is dif-
ferent from PVTT and should not be considered as an
advanced stage for palliative treatment.

A worldwide consensus on the management of HCC
associated with macroscopic vascular invasion does not

yet exist. Surgical resection has been performed success-
fully in patients with PVTT in Eastern countries,(7,11)

and several reports arising from Western countries also
discuss this approach.(8,12) On the other hand, little is
known about HVTT. This lack of knowledge is proba-
bly because HVTT is relatively rare, compared with
PVTT, in patients with HCC.(13) Indeed, in this nation-
wide survey, hepatic vein invasion was observed in only
4.5% of the entire population. As a result, most studies
have reported the results for HVTT together with those
for PVTT, and studies focusing on HVTT alone have
been rare.(3,7,14) Thus, the poor prognosis of macroscopic
vascular invasion may be highly affected by the popula-
tion with PVTT, and the results concerning patients
with HVTT might not have been correctly evaluated.
Considering that the MST after LR was more than 4
years in patients with HVTTs and more than 5 years in
patients without PVTT, HVTT per se is different from
PVTT. As a prospective trial other than a nationwide
survey would be difficult to conduct because of the rarity
of this disease, the present study provides the highest
level of evidence available regarding this issue.

Surgical treatment for HVTTs is technically
demanding, and a major hepatectomy is often required.
The 90-day mortality rate was higher in patients with
HVTT than in those without (3.4% versus 1.2%, P <
0.001). However, there was no difference between the
two groups in patients who underwent major hepatec-
tomy (3.3% versus 2.0%, P 5 0.147). These results are
comparable with those of other reports.(15,16) In addi-
tion, although complication data were not available, the
postoperative hospital stay was also comparable to that
reported in a previous Japanese nationwide survey.(15)

Thus, the present findings justify the consideration of
surgical treatment for HCC patients with HVTT.

Sorafenib has been established as a new standard
treatment option for advanced HCC.(1,2) The effec-
tiveness of sorafenib for HCC patients with macro-
scopic vascular invasion has also been reported.(3)

Since sorafenib became available in Japan in 2009,
hardly any patients received it during the presently
reported study period. Therefore, the prognosis of the

TABLE 4. Multivariate Analysis to Identify Prognostic
Factors Associated With Survival After Liver Resection

Among Patients With HVTT
Risk Factors P HR (95% CI)

Number of tumors �3 0.002 1.88 (1.28-2.71)
PVTT (Vp 2-3) <0.001 1.91 (1.34-2.70)
Gastroesophageal varices 0.016 1.85 (1.13-2.90)
Poor cancer cell differentiation 0.040 1.57 (1.02-2.35)
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FIG. 2. Kaplan-Meier estimates for survival after curative resec-
tion for patients with HVTT. (A) pHVTT and mHVTT. (B)
Presence or absence of PVTT (Vp2-3). Numbers below the x
axis indicate the number of patients at risk.
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non-LR group might be slightly better now, thanks to
the introduction of sorafenib. However, sorafenib is
essentially a palliative treatment; and the expected sur-
vival time is normally no longer than 1 year in patients
with macroscopic vascular invasion, and the average
prolongation of survival is 3.2 months.(3) Considering
that the MST was more than 4 years and the average
prolongation of survival was 2.89 years in the LR
group, the survival benefit of LR in patients with
HVTT is likely to exist even in the present era of sora-
fenib treatment.

Available evidence regarding the most suitable treat-
ment strategies for IVCTT is extremely limited
because of the rarity of the disease. Indeed, in our
nationwide surveillance, the frequency of IVCTT was
as small as 1.4%. Surgical resection for IVCTT
patients has been reported to result in an MST similar
to that in the present report.(5,13) However, consider-
ing that complete resection is difficult in IVCTT
patients and the MSTs were similar between the LR
group and the chemotherapy group (1.48 versus 1.28
years), the surgical indications for IVCTT patients
require further investigation and comparison with sora-
fenib treatment. Furthermore, neoadjuvant and/or
adjuvant treatment including sorafenib and/or radio-
therapy together with LR might be a promising strat-
egy for IVCTT patients.(17,18)

In a comparison between the IVCTT and mHVTT
groups, while the recurrence-free survival was similar,
the MST was significantly poorer in the IVCTT
group. This finding can be explained by differences in
the sites of recurrence (Table 3). In the mHVTT
group, the most frequent type of recurrence was intra-
hepatic limited recurrence (63.8%), while distant
metastasis and/or intrahepatic recurrence were the most
common sites in the IVCTT group (58.5%). As long
as the recurrence is confined to the liver, at least one of
several effective treatment options can be selected,
including repeated LR, radiofrequency ablation, and
TACE. Therefore, HVTT by itself is not a systemic
disease, and control of intrahepatic recurrence should
be undertaken in these cases as in cases of HCC with-
out vascular invasion. Furthermore, aggressive surgical
treatment might be justifiable for HVTT to avoid pro-
gression to IVCTT, which can be considered a sys-
temic disease in which distant metastasis is likely to
occur frequently. These results were similar to those of
our recent single-center report.(5)

Concerning other treatment modalities for HVTT,
the MSTs were similar in HVTT patient groups treated
with TACE (1.61 versus 1.38 years), chemotherapy

(0.87 versus 0.88 years), and best supportive care (0.52
versus 0.36 years) compared with those in PVTT
patient groups.(4) On the other hand, the MST was sig-
nificantly better in patients with HVTT than in those
with PVTT after LR (4.47 versus 2.87 years), indicating
that the survival benefit of LR is more significant
among patients with HVTT than among those with
PVTT. Recently, yttrium-90 radioembolization and
other new radiation procedures have produced favorable
outcomes in patients with macroscopic vascular inva-
sion.(19-22) However, such studies are not specified for
patients with HVTTs, and future study is essential.

One of the limitations of our study was that although
we tried to eliminate the selection bias of the LR group
through propensity score–based matching, the possibil-
ity of other biases that were not considered in the present
study certainly exists. To the best of our knowledge, this
is the largest case series to be reported for HVTT. Con-
sidering that the MST was more than 4 years after LR,
LR should be considered for patients with HVTT
before resorting to palliative treatment, including sorafe-
nib. Another limitation is that, although this article
demonstrated a survival benefit of LR in HCC patients
with HVTT using data from a nationwide survey, the
study was limited to patients in Japan, and the etiology
of HCC in Japan is mainly viral infection, especially
infection with the hepatitis C virus. Thus, these results
should be validated using an international database.

Another limitation is the low frequency of HVTT
in the entire HCC population. Particularly, patients
who are considered to show the most benefit from sur-
gical resection, i.e., those without IVCTT or PVTT,
are estimated to be a small proportion. However, due
to its rarity, evidence concerning this disease entity is
scarce, and a prospective trial is theoretically difficult.
Although the number is small, the present report
would certainly contribute to prolonging the survival in
some patients who suffer from HCC with HVTT.

In conclusion, LR is associated with a good progno-
sis, with an MST of more than 4 years in HCC
patients with HVTT. As long as the hepatic vein inva-
sion is limited to the major hepatic veins, LR should
be the treatment of first choice, especially in patients
with good liver function.
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Portal vein stenting for portal vein stenosis caused by bile duct cancer

Ken Kamataa, Mamoru Takenakaa,∗, Masakatsu Tsurusakib, Masatoshi Kudoa

a Department of Gastroenterology and Hepatology, Kindai University Faculty of Medicine, Japan
b Department of Radiology, Kindai University Faculty of Medicine, Japan

Portal vein stenting has been used in the treatment of malignant
portal venous obstruction [1]. The patient was a 74-year-old man
who underwent left hepatic trisegmentectomy and biliary recon-
struction for hilar cholangiocarcinoma. Lung metastasis occurred
3 months after surgery and chemotherapy was initiated. Four
months later, the patient experienced hepatic encephalopathy with
elevated serum ammonia concentration (126 �g/dL). Abdominal
CT confirmed portal vein stenosis due to lymph node recurrence
around the hilar bile duct (Fig. 1). As conservative treatment was
ineffective, he underwent portal vein stenting. Segment 5 of the
portal vein was punctured with a 21-gauge needle under guid-
ance of ultrasonography and fluoroscopy. Portal portography distal
to the point of portal stenosis confirmed collateral circulation
via the esophageal veins. Two stents, one of diameter 8 mm and
length 4 cm and the other of diameter 8 mm and length 3 cm
(S.M.A.R.T. CONTROL stents) were inserted into the site of portal
vein stenosis. Portal portography after stent deployment showed
the disappearance of hepatofugal collateral circulation (Fig. 2). His

Fig. 1.
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Fig. 2.

serum ammonia concentration decreased to 35 �g/dL 3 days after
the procedure, and recurrence of hepatic encephalopathy was not
observed.
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Endoscopic treatment of tracheoesophageal fistula using the 
over-the-scope-clip system

Shigenaga Matsui, Hiroshi Kashida, Yutaka Asakuma, Masatoshi Kudo
Kindai University Faculty of Medicine, Japan

An 84-year-old man with dysphagia was referred to 
our hospital for examination. The patient’s medical history 
included endoscopic submucosal dissection for superficial 
esophageal cancer 2  years previously. Gastrointestinal 
endoscopy revealed an esophageal foreign body, a press-
through pack (PTP) (Fig.  1A). The PTP was successfully 
removed endoscopically. After extraction of the PTP, the 
patient presented with continuous fever and a cough. 
Gastrointestinal endoscopy and fluoroscopy revealed a 
tracheoesophageal fistula in the esophagus (Fig.  1B,C). The 
tracheoesophageal fistula was endoscopically closed with the 
Over-The-Scope Clip (OTSC) system (Fig. 2A). The patient’s 
symptoms were immediately improved. Gastrointestinal 
endoscopy after 2  months revealed a scar with complete 
fistula closure (Fig. 2B).

The management of tracheoesophageal fistulas is 
associated with high morbidity and mortality and remains 
an interdisciplinary challenge. For patients with benign 
tracheoesophageal fistulas, treatment is always initially 
supportive, followed by definitive surgical correction [1]. The 
OTSC system is a new technique that is becoming established 
as a reliable method for the endoscopic closure of fistulas, 
bleeds, perforations and other gastrointestinal lesions [2]. 
The major benefits of the OTSC are its speed and ease of 

deployment, and the persistent sealing of tracheoesophageal 
fistulas.
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Figure 1 (A) Gastrointestinal endoscopy revealed an esophageal 
foreign body, a press-through pack. (B) Esophageal orifice 
of the tracheoesophageal fistula. (C) Fluoroscopy revealed a 
tracheoesophageal fistula (arrow)
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Figure 2 (A) The fistula was closed endoscopically using the over-the-
scope clip system. (B) Scar of complete fistula closure
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Contribution of C1485T mutation in 
the HBx gene to human and murine 
hepatocarcinogenesis
Satoru Hagiwara1, Naoshi Nishida1, Ah-Mee Park2, Yoriaki Komeda1, Toshiharu Sakurai1, 
Tomohiro Watanabe1 & Masatoshi Kudo1

Although Hepatitis B virus (HBV) X gene mutations are frequently detected in HBV-related human 
hepatocellular carcinoma (HCC) patients, causative HBx mutations in the development of HCC have 
not yet been determined. We herein identified C1485T and C1653T mutations in the HBx gene as 
independent risk of HCC for HBV through the analysis using serum from chronic hepatitis B patients. 
We generated transgenic mice expressing wild-type (WT-HBxTg) and mutant (C1485T-HBxTg) HBx 
to assess the carcinogenic potential of mutated HBx. C1485T-HBxTg mice were more susceptible to 
diethylnitrosamine-induced hepatocarcinogenesis than WT-HBxTg mice and control non-Tg mice. 
The promotion of hepatocarcinogenesis in C1485T-HBxTg mice was accompanied by the activation 
of β-catenin and Jun N-terminal kinase (JNK) signaling pathways as well as the production of reactive 
oxygen species, whereas the activation of nuclear factor-kappa B in the livers of C1485T-HBxTg mice 
was attenuated. These results demonstrate that the HBx C1485T mutation contributes to human and 
murine hepatocarcinogenesis.

Hepatocellular carcinoma (HCC) is the third leading cause of cancer death worldwide and chronic hepatitis B 
virus (HBV) infection is one of the most important etiologies for the development of HCC1, 2. Thus, HBV-related 
hepatocarcinogenesis is a global health issue. However, the molecular mechanisms responsible for the develop-
ment of HBV-related HCC have not yet been elucidated in detail.

HBV exerts its oncogenic effects through the integration of its small double-stranded DNA into the host 
genome of hepatocytes. It is now generally accepted that HBV integration into the host genome plays a critical 
role in the development of HBV-related HCC3–5. Among all portions of HBV genes, the oncogenic role of the 
HBV-X (HBx) gene in the occurrence of HBV-related hepatocarcinogenesis has been the focus of previous stud-
ies because most patients with HBV-related HCC are positive for the expression of HBx at the protein level6. The 
HBx gene encodes a protein of 154 amino acid residues that is composed of an N-terminal negative regulatory/
antiapoptotic domain and C-terminal transactivation/proapoptotic domain7. Although the exact mechanisms by 
which the integration of HBx into the host genome causes HCC currently remain unclear, one possible explana-
tion may be the functions of intact HBx as a transcription regulator8. It is now generally accepted that the HBx 
protein positively and negatively regulates the expression of genes associated with apoptosis, inflammation, and 
oncogenesis and thereby induces hepatocarcinogenesis9, 10. Mutations in the HBx gene have also been implicated 
in HBV-related hepatocarcinogenesis in addition to the role of intact HBx as a transcription regulator. Several 
studies have demonstrated that HCC-associated HBx mutants more strongly promote oncogenesis than intact 
HBx11. For example, HBx mutants with a C-terminal truncation promote or inhibit cell proliferation in a man-
ner that depends on deletion sites12. However, the molecular mechanisms by which the functions of HBx are 
altered in the presence of HBx mutations and cause the promotion of HBV-related hepatocarcinogenesis have 
not yet been elucidated in detail. This is also the case for HBx C1653T and C1485T mutations associated with the 
occurrence of HCC in patients with HBV genotype C in Japan9, 10. Therefore, alterations in HBx functions in the 
presence of HCC-associated mutations need to be examined in more detail in order to clarify the pathogenesis of 
HBV-related hepatocarcinogenesis.

The present study aimed to examine the characteristics of HBx mutations that increase the risk of the emer-
gence of HCC in chronic hepatitis B (CHB) patients with genotype C and to elucidate the roles of these HBx 
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mutations in the emergence of HCC from damaged livers. We herein demonstrated that HBx C1653T and 
C1485T mutations are associated with the development of HBV-related hepatocarcinogenesis and also that the 
latter mutation induces malignant transformation in hepatocytes upon over-expression.

Results
Patient characteristics and mutational profile of the HBx gene. In order to examine the causative 
HBx mutations that lead to the development of HBV-related HCC, we initially attempted to identify the sites of 
mutations in HBx in CHB patients with or without HCC. For this purpose, CHB patients with or without HCC 
were retrospectively analyzed in this study. Clinicopathological factors were compared between patients with or 
without HCC after matching for age, sex, and HBV DNA levels. As shown in Table 1, no significant differences 
were observed in the positive ratio of HBeAg or serum alanine aminotransferase (ALT) levels between patients 
with or without HCC. As expected, the ratio of liver cirrhosis (LC) and presence of core promoter mutation were 
significantly higher in patients with HCC than in those without HCC.

Since the regions of HBx, the precore, and core promoter in HBV are important for pathogenesis, we 
sequenced these regions using a specific primer set and examined mutations in these regions. We found that 
the presence of a double core promoter mutation (A1762T and G1764A) correlated with the development of 
HCC, as reported previously13 (data not shown). We then attempted to identify HBx mutations associated with 
HBV-related hepatocarcinogenesis and found five different HBx mutations (C1653T, C1485T, C1470A, C1479A, 
and C1575G) in CHB patients. In the non-HCC group, 6 patients had a single mutation, 4 had 2 mutations, and 
1 had 3 mutations in the HBx gene. In the HCC group, 20 patients had a single mutation, 7 had 2 mutations, 2 
had 3 mutations, and 1 had 4 mutations in the HBx gene. Among these five HBx mutations, C1485T and C1653T 
mutations were more frequently detected in HCC than in non-HCC cases (Table 1). The factors identified as 
significant by a univariate analysis, as listed above, were subjected to a multivariate analysis using a logistic regres-
sion model. The presence of the C1485T or C1653T mutation in HBx in combination with LC was identified as 
an independent factor for the development of HCC (Table 2). Following the identification of the susceptible viral 
mutations (the C1485T HBx or C1653T HBx mutation) and host factor (the presence of LC) for HBV-related 
hepatocarcinogenesis in the multivariate analysis, we compared the frequencies of HBx mutations between HCC 
and non-HCC cases in the context of background liver conditions, i.e. the presence of LC. We compared the 

Variables non-HCC (n = 40) HCC (n = 40) p-value

Age (years), median (range) 49.5 (20–77) 53.5 (34–82) N.S.

Sex (male), n (%) 35 (88%) 35 (88%) N.S.

HBV-DNA >5 (PCR, log 
copies/mL), n (%) 23 (58%) 23 (58%) N.S.

Positive for HBeAg, n (%) 18 (45%) 16 (40%) 0.82

ALT (IU), median (range) 39 (9–246) 44.5 (16–322) 0.69

Pre-core mutation, n (%) 12 (30%) 16 (40%) 0.48

Core promoter mutation, n (%) 23 (58%) 34 (85%) 0.013*

Cirrhosis, n (%) 6 (15%) 23 (58%) <0.001*

HBx;C1653T mutation 5 (12.5) 15 (37.5) 0.019*

HBx;C1485T mutation 2 (5) 11 (27.5) 0.007*

HBx;C1470A mutation 5 (12.5) 8 (20) 0.55

HBx;C1479A mutation 3 (7.5) 6 (15) 0.48

HBx;C1575G mutation 2 (5) 4 (10) 0.68

Table 1. Characteristics and incidences of various HBx gene mutations in patients with or without HCC. 
HCC, hepatocellular carcinoma; HBeAg, hepatitis B e antigen; PCR, polymerase chain reaction; ALT, alanine 
aminotransferase; pre-core mutation, a guanine-to-adenine substitution at nucleotide 1896 in the pre-core 
region; core promoter mutation, an adenine-to-thymine substitution at nucleotide 1762 and guanine-to-
adenine substitution at nucleotide 1764 in the core promoter region; N.S., not significant. *Significant 
difference; p < 0.05.

Variables Odds ratio 95% CI p-value

Core promoter mutation 3.13 0.88–11.18 0.079

Cirrhosis 11.67 3.37–40.42 <0.001

C1653T mutation 4.70 1.16–18.97 0.030

C1485T mutation 7.75 1.26–47.88 0.027

Table 2. Results of a multivariate analysis using a logistic regression model for assessing risk factors for 
carcinogenesis. CI, confidence interval; core promoter mutation, an adenine-to-thymine substitution at 
nucleotide 1762 and guanine-to-adenine substitution at nucleotide 1764 in the core promoter region. 
*Significant difference; p < 0.05.
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frequencies of C1485T and C1653T mutations in LC and non-LC cases. The analysis of patients with non-LC 
revealed that C1485T and C1653T mutations were more frequent in HCC than in non-HCC cases (p = 0.003 
and p = 0.004 for the C1485T and C1653T mutations, respectively; Fig. 1a,b). In addition, there is a trend show-
ing that these mutations were also more frequent even in HCC cases with LC, although a significant difference 
was not observed in this cohort. Collectively, these results suggest that C1485T and C1653T mutations in HBx 
contribute more significantly to HBV-related hepatocarcinogenesis in patients without LC than in those with LC 
where direct role of HBx should be less critical.

Incidence of HCC in wild-type (WT) and mutant HBx transgenic (Tg) mice. Since the presence 
of the C1485T mutation showed a higher odds ratio for the development of HCC than the C1653T mutation 
(Table 2), we focused on the role of C1485T mutation on carcinogenesis and then attempted to directly confirm 
the oncogenic potential of C1485T-HBx in an in vivo experimental model. We created Tg mice overexpressing the 
HBx C1485T mutation (referred to as C1485T-HBxTg) and WT-HBx (WT-HBxTg). We established two Tg lines 
overexpressing WT-HBxTg and two Tg lines overexpressing C1485T-HBx. As shown in Fig. 2a, we detected the 
enhanced expression of HBx mRNA in each Tg mouse, but not in control non-Tg mice.

Previous studies showed that the integrated sites of HBV into host genome play important roles in the devel-
opment of HCC4, 5. We initially tried to determine the integration sites of HBx gene into host genomes. No spe-
cific gene loci were identified as integration sites of transgenes in any of WT-HBxTg and C1485T-HBxTg mice 
(Supplementary Table 1), suggesting that the integration event should result in structural alterations of known 
cancer-related genes that could enhance oncogenic pathways. Subsequently, we tried to evaluate the development 
of liver tumor in WT-HBxTg and C1485T-HBx Tg mice. For this purpose, these two Tg mice and control non-Tg 
WT-C57BL/6 mice were subjected to an injection of diethylnitrosamine (DEN) in order to accelerate hepatocar-
cinogenesis. As shown in Fig. 2b, the number of male mice that developed liver tumor was significantly higher in 
the C1485T-HBxTg mouse lines than in control non-Tg mice eight months after the injection of DEN (p = 0.014; 
Fig. 2b). Similarly, each male WT-HBxTg mouse line showed a significantly higher incidence of tumors than 
control non-Tg mice (p = 0.014; Fig. 2b). Although no significant difference was observed in the incidence of 
liver tumors in male mice among the two C1485T-HBx Tg mouse lines and two WT-HBx Tg mouse lines, there 
was a significant difference in the number of liver tumors per body between these two lines; the tumor emergence 
was significantly higher in C1485T-HBxTg mice than in WT-HBxTg mice (p = 0.060) as well as control non-Tg 
mice (p = 0.002; Fig. 2c) for male mice. Although the same experiment was performed with female mice, the 
incidence of liver tumors was low (data not shown). Such low incidence of tumor emergence in female mice may 
be attributed to the characteristics of DEN-induced hepatocarcinogenesis utilized in this study14. Therefore, we 
used male mice for further analyses.

It might be possible that difference in sensitivity to DEN-induced hepatocarcinogenesis between WT-HBxTg 
mice and C1485T-HBxTg mice may be caused by different expression levels of HBx between these two lines. 
Therefore, we performed a quantitative PCR analysis, and found that the HBx mRNA level was not higher, 
or rather lower, in mice overexpressing C1485T-HBx, which was more susceptible for hepatocarcinogen-
esis, than in those carrying WT-HBx overexpression (Fig. 2a). Thus, the higher incidence of tumor emer-
gence in C1485T-HBxTg mice could be caused by C1485T mutation rather than the expression levels of HBx. 
Collectively, these results strongly suggest that hepatocytes overexpressing C1485T-HBx show higher sensitivity 
to DEN-induced carcinogenesis than those overexpressing intact HBx.

Increased cell proliferation in livers of C1458T-HBxTg mice. In order to confirm the effects of WT- 
and C1485T-HBx on hepatocyte proliferation, we compared the degree of DNA synthesis in livers after the DEN 
injection using BrdU staining. As shown in Fig. 3, the greater incorporation of BrdU was observed in the nuclei of 
hepatocytes in mice overexpressing C1485T-HBx than in those overexpressing WT-HBx and those not expressing 
HBx (Fig. 3a,b). Moreover, a cell-cycle analysis using cyclin D1 staining also revealed higher numbers of cyclin 
D1-positive hepatocytes in mice overexpressing C1485T-HBx than in those overexpressing WT-HBx (Fig. 3c,d). 

Figure 1. Frequencies of C1485T and C1653T mutation in non-LC and LC cases. Frequencies of C1485T 
(a) and C1653T (b) mutations in non-LC and LC cases. White columns represent non-HCC and black gray 
columns represent HCC patients sample. The numbers in the bottom line mean positive patients number/total 
patients number.

－541－



www.nature.com/scientificreports/

4SCieNtiFiC REPORts | 7: 10440  | DOI:10.1038/s41598-017-10570-0

Consistent with the results of BrdU and cyclin D1 staining, the expression of the oncogenic protein, c-myc, 
was significantly enhanced in the hepatocytes of mice overexpressing C1485T-HBx than in those overexpressing 
WT-HBx and those not expressing HBx (Fig. 3e,f).

Effects of mutant HBx expression on the activation of cancer-related signaling pathways.  
Following confirmation of the effects of C1485T-HBx on hepatocyte proliferation, as assessed by BrdU and cyc-
lin D1 staining, we attempted to identify the signaling pathways responsible for enhanced hepatocyte prolifera-
tion. We analyzed the transcriptional activity of WT- and C1485T-HBx genes using the Cignal Finder Reporter 
Array, as previously reported15 (Fig. 4). Expression vectors containing WT- or C1485T-HBx were transfected into 
HepG2 cells in order to compare their effects on the activation of several oncogenic pathways (Wnt, extracellu-
lar signal-regulated kinase (ERK), Jun N-terminal kinase (JNK), p53, nuclear factor-kappa B (NF-κB), hypoxia 
induced factor (HIF), Notch, transforming growth factor-β (TGF-β), retinoblastoma protein (pRb)-E2F, and Myc. 
Transfection with WT- and C1485T-HBx enhanced the transcriptional activity of the Wnt signaling cascade more 
than the control empty vector. This increase in transcriptional activity was significantly greater in HepG2 cells 
overexpressing C1485T-HBx than in those overexpressing WT-HBx (p = 0.007; Fig. 4). In contrast, HepG2 cells 
overexpressing C1485T-HBx showed weaker NF-κB transcriptional activity than those overexpressing control 
and WT-HBx (p = 0.028 vs. control; p < 0.001 vs. wild type-HBx; Fig. 4), whereas the transfection of WT-HBx 
into HepG2 cells enhanced NF-κB transcriptional activity than that of the control (p = 0.012; Fig. 4). The transfec-
tion of the WT- or C1485T-HBx gene into HepG2 cells did not alter reporter gene activity regulated by the ERK, 
JNK, p53, HIF, Notch, TGF-β, pRb-E2F, or Myc signaling pathways, probably because these signaling pathways 
are constitutively activated in HepG2 cells, as previously described16.

Suppression of NF-κB in livers of C1458T-HBxTg mice. The results of the Cignal Finder reporter 
assay suggested that the presence of C1485T-HBx in hepatocytes inhibited the activation of NF-κB. This result 
prompted us to investigate the effects of C1485T-HBx on the NF-κB pathway in vivo. The phosphorylation and 
degradation of inhibitor of NF-κB (IκB)-α is an indispensable step for the translocation of NF-κB subunits into 
the nucleus, followed by the transcription of target genes17. We initially analyzed the level of IκB -α phosphoryla-
tion (p-IκB -α) in the livers of male control non-Tg and Tg mice carrying WT-HBx and C1485T-HBx four hours 

Figure 2. Sensitivity to diethylnitrosamine-induced hepatocarcinogenesis in HBx-transgenic mice. (a) HBx 
mRNA levels in HBx (WT)-transgenic Tg and HBx (C1485T)-Tg mice. Liver were obtained from 6 weeks 
old male HBx-WT Tg mice and HBx-C1485T-Tg mice. HBx mRNA levels of the liver were determined. The 
mRNA levels were normalized by β-actin and shown as ratio to one HBx (WT) Tg mice line 1. Data show 
mean ± standard error (n = 4). Dark gray and light gray columns represent the different lines of the original 
mice (dark gray Tg line 1, light gray Tg line 2). (b) Comparison of the incidence of liver tumors in control 
non-Tg mice and HBx transgenic mice. Male control non-Tg mice, male HBx-WT Tg mice, and male HBX-
C1485T-Tg mice were treated with intraperitoneal injection of diethylnitrosamine (DEN, 25 mg/kg) and then 
the incidence of liver tumors was determined 8 months after the injection (n = 8–13). Dark and light gray 
columns represent the different lines of the original Tg mice (dark gray Tg line 1, light gray Tg line 2). (c) The 
number of tumors in each male mouse is represented as a circle in control non-Tg mice, as a square in HBx 
(WT) mice and as a triangle in HBx (C1485T) mice in the graph. Dark and light gray symbols represent the 
different lines of the original Tg mouse.
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after the administration of DEN. As shown in Fig. 5a, the expression of p-IκB -α in the liver was significantly 
reduced in C1485T-HBxTg mice than in control non-Tg and WT-HBxTg mice. In contrast, the expression of 
IκB -α in the liver was markedly reduced in WT-HBxTg mice than in C1485T-HBxTg mice. Consistent with the 
results obtained from immunoblotting, the nuclear expression of p65, a major component of NF-κB subunits, 
in hepatocytes was attenuated in C1485-HBxTg mice than in WT-HBxTg and control non-Tg mice (Fig. 5b,c). 
Thus, the results of immunoblotting and tissue staining strongly suggest the suppression of NF-κB activation in 
the livers of C1458T-HBxTg mice.

We then investigated the activation of JNK signaling pathways because previous studies reported that the 
up-regulation of the JNK pathway is associated with the down-regulation of NF-κB signaling pathways18. The 
expression of phosphorylated c-Jun in the liver was stronger in C1485T-HBxTg than in WT-HBxTg mice as 

Figure 3. Enhanced proliferation and cell cycle progression in HBx C1485T-transgenic mice. Male control 
non-Tg mice, male HBx-WT Tg mice (Tg line 1), and male HBX-C1485T-Tg mice (Tg line 1) were treated with 
intraperitoneal injection of diethylnitrosamine (DEN, 100 mg/kg). Four hours prior sacrifice BrdU was injected 
intraperitoneally, and mice were sacrificed at 48 hours after DEN injection. Liver sections were prepared and 
immunohistochemical staining for BrdU (a,b), cyclin D1 (c,d), and c-myc (e,f) was performed. Representative 
results from at least three independent experiments (n = 4) are shown in panels a, c, and e. Cells positive for 
each nuclear staining were counted by Image J software and the percentage to total nuclear numbers were 
shown in graph (b,d,f). Results were shown as mean ± standard error.

Figure 4. Effect of mutant HBx expression on the activation of cancer-related signaling pathways. Transcription 
factor activities in HepG2 cells overexpressing HBx were measured by using the Cignal Finder luciferase 
reporter system. HepG2 cells were transfected with expression vector of wild type HBx (dark gray), C1485T 
HBx (black), or an empty vector (white). 2 days after transfection, cell lysate were used for this assay. The results 
are presented as relative luciferase activity mean ± standard error (n = 3).
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assessed by immunoblotting (Fig. 5a). Thus, it is conceivable that the presence of C1485T-HBx interferes with 
NF-κB signaling, the effects of which were accompanied by the activation of c-Jun with the potent ability to accel-
erate cell proliferation, as reported previously18.

The production of reactive oxygen species (ROS) in response to the activation of JNK-c-Jun pathways has been 
implicated in murine hepatocarcinogenesis19. Consistent with this finding, oxidized protein levels were signifi-
cantly higher in C1485T-HBxTg mice than in WT-HBxTg mice, as assessed by OxyBlot20 (Fig. 6a,b). Collectively, 
these results suggest that the promotion of hepatocarcinogenesis induced by the overexpression of HBx-C1485T 
is accompanied by the enhanced activation of JNK signaling pathways and subsequent production of ROS.

Activation of Wnt/β-catenin signaling pathways in livers of C1458T-HBxTg mice. We examined 
the activation status of Wnt signaling pathways because the reporter gene assay showed an increase in activation 
of the Wnt signaling pathway in WT- and C1485T-HBx-overexpressing cells, particularly in those overexpress-
ing HBx-C1485T. The expression of phosphorylated glycogen synthase kinase-3β (p-GSK3β) and β-catenin, key 
signaling molecules in the Wnt pathway21, was examined by immunoblotting. p-GSK3β expression levels in the 
liver were higher in C1485T-HBx mice than in control non-Tg and WT-HBxTg mice. Consistent with the results 
obtained for p-GSK3β, β-catenin levels in the liver were higher in C1485T-HBxTg mice than in WT-HBxTg mice 
(Fig. 6c). Thus, the promotion of DEN-induced hepatocarcinogenesis observed in C1485T- HBxTg mice was 
characterized by the enhanced activation of the Wnt signaling pathway combined with attenuated activation of 
NF-κB signaling pathways.

Discussion
In the present study, we demonstrated that the C1485T HBx mutation is involved in hepatocarcinogenesis in 
human and mice. This result is supported by the findings of human studies and experimental models of hepato-
carcinogenesis. In human studies utilizing age, sex, and HBV-DNA-matched serum samples obtained from CHB 
patients, we found that the incidence of HCC was higher in patients bearing C1485T or C1653T HBx mutations 
than in those bearing wild type HBx. Consistent with the findings of human studies, experimental models of 
DEN-induced hepatocarcinogenesis revealed that C1485T-HBxTg mice were more susceptible to the develop-
ment of HCC than WT-HBxTg and non-Tg mice. To the best of our knowledge, this is the first study to conduct 
an in vivo phenotypic analysis on C1485T-HBxTg mice. Collectively, the findings obtained from human and 
mouse studies support our conclusion that the C1485T mutation in the HBx gene is a susceptible factor for the 
development of HBV-related hepatocarcinogenesis.

Figure 5. Attenuation of NF-κB activation in the liver of C1485T-HBx transgenic mice. Male control non-Tg 
mice, male HBx-WT Tg mice (Tg line 1), and male HBX-C1485T-Tg mice (Tg line 1) were treated with 
intraperitoneal injection of diethylnitrosamine (DEN, 100 mg/kg) and liver tissues were obtained 4 hours later. 
(a) Immunoblot analysis for total and phosphorylated IkB-α and c-jun, with actin as a loading control; each 
number represents the ratio to the control samples on the lane 1. Lane 1, 2; control non-Tg mice, lane 3, 4; 
HBx wild type transgenic mice, lane 5, 6; HBx C1485T transgenic mice. (b,c) Immunohistochemical staining 
of NF-κB subunit, p65, in the liver. Mice (n = 4, each group) were treated with intraperitoneal injection of 
DEN as described in (a) and liver tissues were obtained 48 hours after DEN injection. Cells positive for nuclear 
p65 staining were counted by Image J software and the percentage to total nuclear number were shown as 
mean ± standard error.
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A large number of studies have confirmed the oncogenic roles played by the HBx protein in hepatocarcino-
genesis22. Since several mutations have been detected in HBx not only in HCC tissues, but also background liver 
tissue, mutations in HBx have been implicated in the pathogenesis of HBV-related HCC. However, the effects 
of HBx mutations on the development of HCC currently remain unclear. In the present study, we analyzed the 
serum of 80 case-matched HBV genotype C-positive patients with or without HCC in order to identify and clarify 
HBx mutations associated with HBV-related hepatocarcinogenesis. We found that HBV carrying the C1485T 
mutation in the HBx gene is involved in the pathogenesis of HBV-related HCC. These results are consistent with 
previous findings by Muroyama et al. showing that the C1485T mutation in the HBx gene was associated the 
development of HBV genotype C-related HCC10. Thus, our results together with these findings suggest that the 
C1485T mutation in HBx might increase the risk of HCC associated with HBV genotype C. Furthermore, the 
occurrence of the C1485T mutation was markedly higher in HCC patients without LC than in those with LC in 
our cohort. Therefore, the C1485T mutation in HBx appears to be involved in the development of HCC even in 
the cases without LC and thereby acts as a potent oncogenic accelerator independent from liver fibrosis.

On the other hand, a previous study showed that HBV sequences derived from tumor and non-tumor tissues 
were different23, indicating that HBx mutations in the serum do not always reflect those in the HCC tissue. In 
this regards, our preliminary studies show that C1485T mutation was successfully detected in the HCC tissue 
in 3 of 5 patients bearing such mutation in the serum (data not shown). Previous study also showed that the 
HBx codon-38 change in human HCC, which is attributed to the presence of C1485T, was detected in corre-
sponding non-tumor tissues, and was consistent with those in serum10. These data suggest that detection of the 
HBxC1485T mutation in the serum, in combination with the analysis of HCC tissue, could be an informative 
molecular marker to predict the clinical outcome of CHB patients.

The relationship between the C1485T mutation and emergence of HCC has not been confirmed in HBV gen-
otype A infection24, 25. Thus, the C1485T mutation in HBx is involved in the pathogenesis of HCC in the presence 
of HBV genotype C, but not genotype A. In this regard, the infection by HBV genotype C is known to be more 
strongly associated with severe hepatitis than genotype A of HBV26. Since the accumulation of hepatocyte DNA 
damage is parallel to the severity of hepatitis27–29, HBV genotype C infection is regarded as a strong inducer of 
hepatocyte DNA damage. Thus, the accumulation of DNA damage due to persistent infection with HBV genotype 
C may act synergistically with the C1485T HBx mutation to promote hepatocarcinogenesis. This is consistent 
with our phenotypic analysis of C1485T-HBxTg mice in that the spontaneous development of HCC has not been 
observed in these mice without the administration of DEN (data not shown). Therefore, DEN-induced DNA 
damage may be a prerequisite for the increased susceptibility of C1485T-HBxTg mice to HCC.

Figure 6. Enhancement of GSK3β and Wnt activation in the liver of C1485T-HBx transgenic mice. Male 
control non-Tg mice, male HBx-WT Tg mice (Tg line 1), and male HBX-C1485T-Tg mice (Tg line 1) were 
treated with intraperitoneal injection of diethylnitrosamine (DEN, 100 mg/kg) and liver tissues were obtained 
4 hours later. (a) Protein oxidation of liver lysate from acute DEN-treated mice was determined by oxyblot 
analysis kit. Lane 1, 2; control non-Tg mice, lane 3, 4; HBx wild type transgenic mice, lane 5, 6; HBx C1485T 
transgenic mice. (b) The signal intensity of each lane from oxyblot result (a) was determined by Image J 
software. The bar graph presented mean ± standard error (n = 3). (c) Immunoblot analysis for total and 
phosphorylated GSK-β and β-catenin with actin as a loading control; each number represents the ratio to the 
control samples on the lane 1. Lane 1, 2; control non-Tg mice, lane 3, 4; HBx wild type transgenic mice, lane 5, 
6; HBx C1485T transgenic mice.
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Although several studies have suggested a relationship between mutations in HBx and the development of 
HCC, specific role of these mutations in hepatocarcinogenesis is still unclear. The relationship observed between 
HBx mutations and the development of HCC may be an epiphenomenon associated with alternations in the liver 
microenvironment due to persistent inflammation. Therefore, we established Tg mice carrying C1458T-HBx for 
the first time and performed a phenotypic analysis. The results obtained from male Tg mice revealed a higher inci-
dence of HCC in C1485T-HBxTg mice than in WT-HBxTg mice following a challenge with DEN. Furthermore, 
an immunohistochemical analysis revealed that the incorporation of BrdU and expression of cyclin D1 in hepat-
ocytes were stronger in C1485T-HBxTg mice than in WT-HBxTg mice. Thus, the higher incidence of hepato-
carcinogenesis in C1485T-HBx Tg mice is linked to the abnormal regulation of the cell cycle and enhanced cell 
proliferation. Since HBx is a multifunctional protein that not only activates transcriptional transactivation, but 
also mediates cell growth via proliferation and apoptosis30, our results suggest that the C1485T mutation induces 
hepatocarcinogenesis through enhanced cell proliferation and cell cycle progression. On the other hand, the inci-
dence of liver tumors was low in female mice compared to male mice. Naugler et al. showed that DEN-induced 
hepatocarcinogenesis requires interleukin-6 (IL-6) production by Kupffer cells and that such IL-6 production is 
negatively regulated by estrogen14. Thus, cell proliferation induced by IL-6 could be involved in DEN-induced 
hepatocarcinogenesis in male mice.

Regarding the mechanisms responsible for enhanced tumorigenesis in C1485T-HBxTg mice, we characterized 
cancer-related signaling pathways in the presence of C1485T-HBx genes. Reporter gene assays that the transac-
tivation of Wnt signaling pathways was markedly enhanced in HepG2 cells overexpressing C1485T-HBx than in 
those expressing WT-HBx. Consistently, immunoblotting revealed that the expression of p-GSK3β and β-catenin 
in the liver was significantly stronger in C1485T-HBxTg mice than in WT-HBxTg mice. Since the activation 
of the Wnt signaling pathway induces the expression of downstream oncogenic proteins, such as c-myc and 
cyclin D1, which are overexpressed in the liver of C1485T-HBxTg mice31, these results strongly suggest that 
C1485T-HBx enhances cell cycle progression through the activation of Wnt signaling pathways. Given the fact 
that WT-HBx also induces HBV-related carcinogenesis through the activation of the Wnt/β-catenin signaling 
pathways32, our results indicate that the presence of the C1485T HBx mutation further enhances hepatocarcino-
genesis by augmenting Wnt/β-catenin signaling pathways.

The suppression of NF-κB activation was significantly greater in HepG2 cells overexpressing C1485T-HBx 
than in those overexpressing WT-HBx. Consistent with this result, the activation of NF-κB was markedly sup-
pressed in the livers of C1485T-HBxTg mice, as assessed by the expression of phospho-IκB α and degradation of 
IκB α. Furthermore, the nuclear translocation of p65, a major NF-κB subunit, in hepatocytes was more strongly 
inhibited in C1485T-HBxTg mice than in WT-HBxTg mice. Thus, the emergence of HCC caused by C1485T-HBx 
is also attributed to the suppression of NF-κB. Such suppression of NF-κB in the presence of C1485T- mutation 
is in contrast to previous findings showing that HBx induces malignant transformation through the inhibition 
of hepatocyte apoptosis and promotion of angiogenesis in an NF-κΒ-dependent manner33, 34. This discrepancy 
in the status of NF-κB activation may be partially explained by the types of cells that show the activation of 
NF-κB. Maeda. et al. demonstrated that hepatocyte-specific IKKβ-deficient mice exhibited a marked increase 
in hepatocarcinogenesis caused by DEN35. In addition, the enhancement in hepatocarcinogenesis observed in 
this hepatocyte-specific NF-κB -deficient mice was accompanied by an increase in the accumulation of ROS35. 
Consistent with the findings reported by Maeda et al., enhancements in DEN-induced hepatocarcinogenesis in 
C1485T-HBxTg mice were characterized by significant increase of ROS with the suppression of NF-κB activation 
in the liver, which are involved in hepatocarcinogenesis in C1485T-HBxTg mice treated with DEN.

The increase of phosphorylated c-Jun is another characteristic associated with the development of HCC in 
the presence of C1485T-HBx in mice model. It should be noted, however, that no difference was detected in JNK 
activation in HepG2 cells overexpressing WT-HBx gene and C1485T-HBx gene in the reporter gene assay (Fig. 4). 
The discrepancy of JNK activation between in vitro and in vivo experiments can be partially explained by the fact 
that JNK pathway is constitutively activated in HepG2 cells, which makes difficult to detect a significant difference 
in cell line study16.

Regarding the mechanisms responsible for the activation of c-Jun in mice model, we speculate that the accu-
mulation of ROS induced by the suppression of NF-κB plays a role in the activation of JNK signaling pathways. 
The accumulation of ROS has been reported to induce the oxidative inhibition of mitogen-activated protein 
kinase (MAPK) phosphatases, which are enzymes responsible for terminating the activation of JNK, and then 
cause the persistent activation of JNK signaling36. Since JNK signaling pathways are regarded as an important 
contributor to hepatocyte proliferation and HCC development37–39, the activation of these pathways may be 
involved in enhanced hepatocarcinogenesis observed in C1485T-HBxTg mice. In addition, activation of JNK is 
reportedly contributed to the expansion and proliferation of stem-progenitor cells40; the C1485T-HBxTg mice 
showed an increase of CD133+ stem-progenitor cells compared to WT-HBxTg mice after treated with DEN (data 
not shown). Based on these findings, the accumulation of ROS followed by the activation of JNK may also be 
contributed to C1485T-HBx –dependent hepatocarcinogenesis.

In conclusion, we identified a novel mutation in the HBx gene that accelerates hepatocarcinogenesis. In human 
studies, we found that the C1485T HBx mutation was more frequent in the sera of patients with HCC than in those 
without HCC. In experimental models of hepatocarcinogenesis, C1485T-HBxTg mice were more susceptible to the 
development of HCC than WT-HBxTg mice. The development of HCC in the presence of the C1485T-HBx mutation 
is associated with the enhanced activation of the Wnt and JNK signaling pathways, decreased activation of NF-κB sign-
aling pathways, and accumulation of ROS. We consider the results of the present study to be of significance in terms of 
basic research and clinical perspectives. From a basic research standpoint, C1485T-HBxTg mice are a useful tool for the 
study of the molecular mechanisms underlying HBx-related hepatocarcinogenesis. Our results suggest, from a clinical 
viewpoint, that a screening of C1485T-HBx mutation in serum might represent a promising approach for predicting 
the emergence of HCC for CHB, particularly in patients carrying HBV genotype C.
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Methods
Patient characteristics. In order to analyze the mutational profile of HBV, we selected 80 out of 185 consec-
utive hepatitis B surface antigen-positive patients who visited Kindai University Hospital between January 1998 
and December 2005. Among these patients, 40 harbored HCC, while 40 had never had this condition. Age, sex, 
and HBV DNA levels were matched between HCC-positive and -negative groups. Refer to the Supplementary 
Materials and Methods for more details.

The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki and was approved 
by the Institutional Review Board of Kindai University Faculty of Medicine. Written informed consent was 
obtained from all patients recruited in the study. All animals received humane care and the study protocol com-
plied with the institution’s guidelines.

HBV-DNA status of patients. Samples from all patients were examined for the following serological mark-
ers: the hepatitis B surface antigen, hepatitis B e antigen, anti-HBe antibody, HBV DNA level, and HBV genotype. 
α-Fetoprotein, the lens culinaris A-reactive fraction of α-fetoprotein, and des-γ-carboxy prothrombin were also 
examined. Regarding the genotype of HBV, all patients had genotype C infection. Further details on the methods 
used to assess these parameters are described in the Supplementary Materials and Methods. Patient characteris-
tics according to the presence or absence of HCC are listed in Table 1.

Reporter assays on HB-transfected HepG2 cells for the detection of altered cellular signaling.  
We conducted reporter assays to clarify differences in transcriptional activities between WT and mutant 
HBx. The HBx gene was amplified from the serum DNA of CHB patients. The primers for WT-HBx were: 
5′-ttCTCGAGATGGCTGCTCGGGTGTGC-3′ (HBx forward) and 5′-ttGATATCTCAGACGGAGGTGAAAAAG-
3′ (HBx reverse), and amplified products were cloned into the pEBMulti-Hyg expression vector (Wako Pure Chemical). 
Regarding the C1485T mutation in HBx, we used the same primer set as that used for the construction of HBx-mutant 
Tg mice (see below). Transfection of the plasmid (control, WT-HBx, C1485T-HBx, empty vector) into HepG2 cells 
was performed using Fuge-6 (Roche) following the manufacturer’s instructions. The expression of the HBx protein was 
confirmed by immunocytochemistry using an anti-HBx antibody (BioVendor, Modrice, Czech Republic). These cells 
were used in subsequent reporter assays.

The reporter assay for the cancer pathway was performed using the Cignal Finder Cancer 10-Pathway Reporter 
Array (SA Biosciences, Fredrick, MD) according to the manufacturer’s instructions. HepG2 cells transfected with 
the pEBMulti expression vector containing WT- or C1485T-HBx were seeded onto a 96-well plate. Forty-eight hours 
after transfection, cell lysates were added to Luciferase Assay Reagent II, and firefly luciferase activity was measured. 
An empty construct was used as a negative control for the normalization of transcriptional activity.

DEN-initiated tumorigenesis in transgenic mice. Transgenic mice expressing WT- and C1485T-HBx 
were generated using C57/BL6 mice (Charles River Laboratories Japan, Yokohama, Japan). Details on the con-
struction are provided in the Supplementary Materials and Methods. The animal experiments were approved by 
the institutional Animal Care and Use Committee of Kindai University and performed in accordance with the 
institutional guidelines.

Two-week-old Tg and non-Tg mice were intraperitoneally injected with DEN at 25 mg/kg body weight 
(Sigma-Aldrich, St Louis, MO). Eight months after the injection, mice were euthanized with an overdose of pento-
barbital (200 mg/kg) and cut open for photography and tissue harvesting. Livers were excised, weighed, and exam-
ined for macroscopic lesions. According to standard methods, livers were fixed in 10% neutral buffered formalin 
(Wako Pure Chemical, Osaka, Japan), dehydrated, embedded in paraffin, sectioned serially at 5 µm, and stained with 
hematoxylin and eosin. Tumorous and non-tumorous liver tissues were stored immediately at −80 °C. Identification 
of integration sites of transgene in the C57/BL6 mice was described in Supplementary Materials and Methods.

Western blots and analysis of protein oxidation in hepatocytes. DEN (100 mg/kg body weight) 
was intraperitoneally injected into 4-week-old Tg and non-Tg mice 4 hours before sacrifice. The liver tissue of 
Tg mice was homogenized with CelLytic-MT Mammalian Tissue Lysis/Extraction reagent (Sigma-Aldrich, St. 
Louis, MO) containing a protease inhibitor (Complete; Roche Diagnostics, Mannheim, Germany) and phos-
phatase inhibitor cocktail (Nacalai Tesque, Kyoto, Japan). Tissue lysates were electrophoresed on a reducing 
sodium dodecyl sulfate (SDS)-polyacrylamide gel and electroblotted onto a polyvinylidene difluoride (PVDF) 
membrane. The membrane was blocked with 5% skimmed milk and incubated with anti-phospho-ser32-IκB 
-α, anti-c-Jun, anti-phospho-ser73-c-Jun, anti-signal transducer and activator of transcription (STAT) 
3, anti-phospho-ser727-STAT3, anti-GSK3β, anti-phospho-ser9-GSK3β, anti-β-Catenin (Cell Signaling 
Technology, Inc. Danvers, MA), and anti-β-actin (Sigma-Aldrich, St. Louis, MO) antibodies. Protein levels were 
detected using horseradish-peroxidase-linked secondary antibodies and the ECL-plus System (GE Healthcare, 
Buckinghamshire, UK). In order to evaluate signal intensity, Western blot image data were quantified using 
ImageJ software (NIH, Bethesda, MD).

Protein oxidation was assessed using the OxyBlot Protein Oxidation Detection Kit (Millipore Bioscience 
Research Reagents, Temecula, CA). Twenty micrograms of protein was reacted with dinitrophenylhydrazine for 
15 min, followed by neutralization with a solution containing glycerol and 2-mercaptoethanol, resolved using 
10% SDS-polyacrylamide gel electrophoresis, and transferred to a PVDF membrane using a semidry transfer sys-
tem (BioRad). Membranes were then blocked with phosphate buffer saline Tween (0.05% Tween-20) containing 
0.1% bovine serum albumin at room temperature for 1 hour, and incubated with a rabbit anti-2,4-dinitrophenol 
antibody (1:150) overnight at 4 °C. The secondary antibody incubation was performed using a horseradish 
peroxidase-conjugated anti-rabbit IgG (1:300) at room temperature for 1 hour. Immunoreactivity was visualized 
by enhanced chemiluminescence using ECL plus reagents (GE Healthcare, Piscataway, NJ).
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Immunohistochemistry. DEN (100 mg/kg body weight) was intraperitoneally injected into 4-week-old Tg 
and non-Tg mice. Four or 48 hours after the injection, mice were sacrificed and subjected to immunohistochem-
ical analyses. In in vivo bromodeoxyuridine (BrdU) labeling, BrdU (50 mg/kg, Wako) was injected 4 hours prior 
to sacrifice. The liver was isolated, fixed in 20% formalin for 18 h, and stained using the BrdU In-Situ Detection kit 
(BD Pharmingen, San Diego, CA). Immunohistochemistry was performed with a Histofine SAB-PO Kit (Nichirei 
Biosciences, Tokyo, Japan). Anti-cyclin D1 (Cell Signaling; Beverly, MA), anti-c-myc (Santa Cruz Biotechnology, 
Santa Cruz, CA), and anti-NF-κB p65 (Cell Signaling) antibodies were used as primary antibodies.

Statistical analysis. In order to compare differences between patients with or without HCC, categorical and 
continuous variables were analyzed using Fisher’s exact test and the Mann-Whitney U test, respectively. Factors 
with a significant difference detected in univariate analyses were subjected to multivariate analyses using a logistic 
regression analysis model. A p of <0.05 was considered to be significant. All analyses were performed with SPSS 
software (version 11.5; SPSS Inc., Chicago, IL).
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research might impact the development of future diagnos-
tic equipments and the direction of practical guidelines.

  Kobayashi et al.  [4]  presented the ability of cytokera-
tin-18 fragments and FIB-4 index to diagnose the overall 
and mild fibrosis nonalcoholic steatohepatitis (NASH) 
in Japanese nonalcoholic fatty liver disease patients. 
They concluded that among several laboratory markers, 
FIB-4 index and CK-18F demonstrated the ability to di-
agnose NASH and also the form of the disease with mild 
fibrosis.

  Imoto et al.  [5]  stated that 2 single nucleotide polymor-
phisms, upstream of the interferon-λ (IFNL) 3 gene, are 
associated with spontaneous clearance of the hepatitis C 
virus (HCV) in symptomatic patients with acute hepatitis 
C. Although these 2 single nucleotide polymorphisms, 
rs8099917, and rs12979860, have established their signifi-
cance in HCV clearance, the detailed mechanisms of their 
roles remain unknown. Therefore, they attempted to clar-
ify the factors affecting IFNL3 production and assess the 
roles of IFNL3 in the mechanisms of the innate immune 
response to spontaneously clear HCV in patients with 
acute hepatitis C. They found that primary HCV infection 
triggers the production of IFNL3. As a first line of defense 
in the innate immune system against invading HCV, in-
creased IFNL3 levels play an important role.

  Seo et al.  [6]  compared the effect of Sofosbuvir plus Rib-
avirin (RBV) treatment with pegylated interferon plus RBV 
treatment in patients with chronic hepatitis C (CHC) gen-

 Kitahata et al.  [1]  reported the abdominal ultrasound 
(US) findings of hepatic malignant lymphoma in 25 pa-
tients. They found that the US imaging features of hepat-
ic malignant lymphoma differ, depending on the tumor 
diameter.

  Tsutsui et al.  [2]  reported clinicopathological study of 
autoimmune hepatitis (AIH) cases that were difficult to 
differentiate from drug-induced liver injury (DILI). Ac-
cording to them, acute-onset AIH histopathologically 
presents with features of acute hepatitis and lacks a spe-
cific diagnostic method; finally, AIH is often difficult to 
differentiate from DILI. Therefore, they attempted to in-
vestigate the final clinical diagnosis of these cases, and 
compare the clinical, biochemical, and histological char-
acteristics of AIH vs. DILI. They concluded that the Di-
gestive Disease Week Japan 2004 scale was useful in dif-
ferentiating AIH from DILI when the Digestive Disease 
Week Japan 2004 scale score was  ≧ 5. The histologic fea-
tures of AIH were characterized by cobblestone hepato-
cellular change, interface hepatitis, and plasma cell infil-
tration of the portal region.

  Yada et al.  [3]  presented the diagnosis of fibrosis and 
activity by a combined use of strain and shear wave imag-
ing in patients with liver disease. According to them, the 
combined use of strain and shear wave imaging (combina-
tional elastography) for cases without jaundice and conges-
tion might be useful in evaluating fibrosis and inflamma-
tion. They concluded that the results obtained from their 
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otype 2. They found that the treatment with Sofosbuvir plus 
RBV results in not only higher sustained virological re-
sponse (SVR), but also improves the liver function and the 
degree of fibrosis as assessed with the use of pathophysio-
logical biomarkers, such as hyaluronic acid, bone morpho-
genetic protein 7 and connective tissue growth factor.

  Umehara et al.  [7]  studied 415 CHC patients who were 
treated with interferon-based therapy and investigated 
the risk factor of hepatocarcinogenesis. They concluded 
that the serum albumin level was the strongest risk factor 
for carcinogenesis after SVR achievement in this retro-
spective study. In addition, this factor was also associated 
with hepatocellular carcinoma (HCC) development in 
patients with slight liver fibrosis. Furthermore, the serum 
albumin level was more sensitive than the progression of 
liver fibrosis in the prediction of HCC development, and 
careful follow-up for the detection of HCC may be neces-
sary in such high-risk patients.

  Kono et al.  [8]  found that direct-acting antivirals 
(DAAs) dramatically improve the sustained pre-treat-
ment characteristics related to sustained liver damage af-
ter SVR of chronic CHC patients since continuous liver 
damage after SVR may be a risk of HCC. Also, the high 
FIB-4 index, low albumin level, and fatty liver before 
DAA treatment were associated with a risk of sustained 
liver damage with AFP and ALT elevation after SVR, sug-
gesting that patients with these factors should be care-
fully monitored for emergence of HCC.

  Ida et al.  [9]  attempted to clarify whether DAAs can 
efficiently prevent the occurrence of HCC after SVR, as 
observed in the interferon-based therapy. They analyzed 
the clinical features of patients in whom HCC developed 
after achievement of SVR with DAAs for chronic HCV 
infection. They concluded that HCC can develop even 
after SVR by DAAs, especially when patients have a past 
history of HCC. In this high-risk group, surveillance for 
HCC detection after achievement of SVR is required. 
They also stated that even if HCC developed after SVR, 
curative anticancer therapy was applicable in most cases.

  Iwamoto et al.  [10]  observed that the cumulative inci-
dence of new intrahepatic recurrence was significantly 
higher in patients with non-hypervascular hypointense 
hepatic nodules than those without non-hypervascular 
hypointense hepatic nodules ( p  < 0.0001). Multivariate 
analysis revealed that the presence of non-hypervascular 
hypointense hepatic nodules were independent risk fac-
tors for new intrahepatic recurrence. These results were 
consistent with 3 previous reports  [11–13] .

  Arizumi et al.  [14]  described that tumor characteristics 
classified as Barcelona Clinic Liver Cancer (BCLC) stage B 

HCC are heterogeneous, thus, subclassification such as 
Kinki criteria is necessary. However, tumors in stage B also 
include various size and number of HCCs even with Kinki 
criteria, which should lead to heterogeneity for the overall 
survival (OS). Therefore, they attempted to clarify how size 
and number of tumors affect the OS and time to progres-
sion in patients with Kinki criteria stage B2 tumors and 
treated with transarterial chemoembolization (TACE). 
They found that while significant differences in the OS are 
observed between BCLC subclasses B1 and B2, no such dif-
ferences were observed within BCLC sub-substage B2. 
However, there were statistical differences in time to pro-
gression between BCLC sub-substage B2b and B2c/B2a 
sub-substage patients. Based on these results, B2b substage 
HCC patients may be good candidates for systemic therapy 
rather than TACE to improve the survival by preserving 
the liver function. In addition, they state that since BCLC 
substage B2 patients with multiple tumors are less respon-
sive to cTACE than BCLC substage B1 patients, further 
clinical trials are needed to confirm this hypothesis.

  Arizumi et al.  [15]  presented time to transcatheter ar-
terial chemoembolization refractoriness in patients with 
HCC in Kinki criteria stages B1 and B2. They found that 
TACE refractoriness occurred earlier in substage B2 HCC 
than in substage B1 HCC. Thus, the number of TACE ses-
sions performed before the onset of TACE refractoriness 
was smaller in substage B2 HCC. Moreover, liver func-
tion impairment was detected earlier in substage B2 HCC 
than in substage B1 HCC. In substage B2 HCC, the early 
onset of TACE refractoriness is assumed to be responsible 
for the shorter survival than that in substage B1 HCC. 
They concluded that TACE monotherapy may be limited 
in efficacy for substage B2 HCC, and inventive therapeu-
tic strategies, such as combination therapies, may be nec-
essary to improve the effects of TACE. Furthermore, 
when the onset of TACE refractoriness is confirmed, 
TACE may need to be switched to other therapies, such 
as hepatic arterial infusion chemotherapy or systemic 
therapy such as sorafenib, sorafenib-regorafenib sequen-
tial therapy, as soon as possible.

  Ishikawa et al.  [16]  described that balloon-occluded 
transcatheter arterial chemoembolization (B-TACE) us-
ing miriplatin is a new strategy for HCC. Therefore, they 
attempted to evaluate the hemodynamic changes with/
without balloon occlusion of the hepatic artery and cor-
relation of cone-beam CT (CB-CT) pixels and CT value 
after B-TACE for HCC. They found that CB-CT pixel val-
ues with balloon occlusion were significantly higher than 
those without balloon occlusion. However, CB-CT pixel 
values after balloon occlusion decreased in some cases. In 
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addition, in the increased group, postoperative CT value 
was clearly higher, and local recurrence suppressed. By 
performing CB-CT before and after balloon occlusion, it 
may be possible to predict the effect of B-TACE using mi-
riplatin. Whereas lower CB-CT pixel values after balloon 
occlusion groups may be ineffective, there is a need to 
consider other strategies. Finally, they concluded that fol-
lowing balloon occlusion, intratumoral arterial flow may 
change, presumably due to a collateral pathway. B-TACE 
for HCC lesions showing decreased pixel values after bal-
loon occlusion CB-CT may have a poor short-term ther-
apeutic effect compared to those with increased pixel val-
ues.

  Hiraoka et al.  [17]  evaluated the relationship of he-
patic function with repeated TACE and prognosis after 
sorafenib treatment in various patient cohorts. They 
found that the ALBI score gradually worsens with con-
tinued TACE, though the ratio of worsening hepatic 
function is not low even after a few procedures. In addi-
tion, downgrading from ALBI-1 during the introduc-
tion of sorafenib might be a factor related to poor prog-
nosis. They concluded that for considering the develop-
ment of new molecular targeted agents  [18–21]  and 
other therapeutic modalities including hepatic arterial 
infusion chemotherapy  [22, 23],  consideration of thera-
peutic options that prolong the prognosis of patients 
with advanced and unresectable HCC are needed. Also, 
it is important to maintain the liver function by avoiding 
ineffective TACE that provide poor response with de-
clined liver function at the time of TACE refractoriness, 
when TACE may be a harmful option, and promptly 
switch to the systemic therapy such as sorafenib fol-
lowed by regorafenib.

  Ueshima et al.  [24]  reported a single-institute experi-
ence of Sorafenib-regorafenib sequential therapy in ad-
vanced HCC. They reported that the median progres-
sion-free survival by this sequential treatment was 9.2 
months (95% CI 2.3–16.1), the objective response rate 
was 9.1%, and the disease control rate was 72.7%. They 
concluded that Sorafenib and regorafenib sequential 
therapy represents a safe and effective treatment option 
for patients with advanced HCC.

  Nishida et al.  [25]  described the role of immune check-
point blockade in the treatment for human HCC. They de-
scribed that several immune checkpoints are involved in 
the suppression of an antitumor immune response. Anti-
bodies against these checkpoints such as anti-programmed 
cell death-1 (PD-1), anti-PD-ligand 1 (PD-L1), and anti-
cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) 
are now clinically available for the treatment of human 

cancers [26]. Currently, clinical trials of anti-PD-1 anti-
body (nivolumab, pembrolizumab) and anti-PD-L1 anti-
body (durvalumab), both individually and in combination 
with anti-CTLA-4 antibody (ipilimumab, durvalumab), 
are ongoing. At the end of phase I/II trials of nivolumab 
(CheckMate 040), an objective response rate was observed 
in 20% of the 214 HCC patients who received 3 mg/kg of 
nivolumab every 2 weeks (expansion cohort), and a disease 
control rate was observed in 64% of the patients [27]. Based 
on the promising results from the present phase III clinical 
trial of molecular targeting agents [28], new strategies for 
the treatment of advanced HCC can be designed for the 
better control of tumor growth. However, mutational het-
erogeneity of HCC cells eventually leads to the develop-
ment of resistance to these chemotherapeutic agents [29–
31]. Recent studies have shown that the inhibition of im-
mune checkpoints has a great potential to be effective 
against advanced HCCs that have become drug resistant. 
However, considering the immunosuppressive tumor mi-
croenvironment and the mutation burden of HCC, which 
could be related to the antigenicity of the tumor, immuno-
therapy using immune checkpoint inhibitors could have its 
limitations. The limited tumor responses seen during the 
clinical trials of immune checkpoint monotherapy have 
prompted investigations into combination therapies using 
immune checkpoint inhibitors with molecular targeted 
agents, such as Lenvatinib.

  Recent progress of diagnostic modalities and biomark-
ers make it easy to diagnose HCC in its early stage, en-
abling the application of curative treatments, such as re-
section  [32–34] , ablation  [35–40],  and transplantation 
 [41–43] . In intermediate stage HCC, it is important to 
sub-classify the BCLC-B stage, and systemic therapy may 
be more suitable  [44, 45]  for patients with TACE refracto-
riness or systemic therapy may even be the 1st line therapy 
for those who may easily develop TACE failure  [46] . In 
advanced HCC, intra-arterial infusion chemotherapy  [32, 
40]  and targeted therapy including sorafenib and 2nd line 
agent, regorafenib are used. Lenvatinib is also a promising 
agent since its non-inferiority to sorafenib was shown re-
cently. Current ongoing clinical trials of immune check-
point inhibitors, PD-1/PD-L1 antibody including mono-
therapy, combination therapy with CTLA-4, combination 
therapy with targeted agents, and combination therapy 
with locoregional therapy are very promising  [19] .

  Finally, I strongly believe that this special issue “New 
Era of the Management of Liver Diseases: State-of-the-
Art Progress in 2017” will be beneficial and invaluable for 
all readers who have specialized in liver diseases, espe-
cially liver cancer. 
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geneous hypo-echoic type (100%), with penetrating sign 
observed in only 1 patient. Tumors in 11 patients in the 
small group, examined with CEUS, showed homogeneous 
enhancement in the early vascular phase (91%) and a 
washout pattern in the portal phase (100%), and they were 
revealed as defective in the post-vascular phase (100%). In 
the large group ( ≥ 30 mm;  n  = 11), tumors were revealed 
as a heterogeneous hypo-echoic lesion in 10 (91%) and 
penetrating sign was observed in 8 (73%). Dilatation of the 
distal intrahepatic bile duct by the tumor was observed in 
4 patients in the large group. In 7 large group patients ex-
amined with CEUS, imaging findings in the early vascular 
phase varied, with 5 (71%) showing a washout pattern in 
the portal phase and 5 (71%) revealed as defective in the 
post-vascular phase.  Conclusion:  We found that US imag-
ing features of HML differ depending on the tumor 
 diameter.  © 2017 S. Karger AG, Basel 

 Keywords 
 Hepatic malignant lymphoma · Ultrasonography · 
Contrast-enhanced ultrasonography · Perflubutane 

 Abstract 
  Aim/Background:  Evaluations of abdominal ultrasonogra-
phy (US) findings of primary and secondary tumor-forming 
hepatic malignant lymphoma (HML) have not been ade-
quately reported. In this study, we elucidated US and con-
trast-enhanced US (CEUS) findings in patients with HML. 
 Materials/Methods:  From January 2006 to March 2017, 25 
patients with HML were enrolled (primary 7, secondary 18), 
each of whom was diagnosed pathologically. They were 
divided into 2 groups based on tumor diameter (cutoff, 30 
mm). US imaging findings were retrospectively analyzed. 
 Results:  All tumors in patients with a small HML (<30 mm 
in diameter, small group,  n  = 14) were revealed as homo-
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 A malignant lymphoma (ML) is known to be derived 
from lymphatic tissue. Evaluations of abdominal ultraso-
nography (US) findings of primary and secondary tu-
mor-forming hepatic ML (HML) tumors have not been 
adequately reported. It is generally considered that an 
HML is revealed as a homogeneous hypo-echoic lesion 
 [1–3]  that often includes a portal or hepatic vein inside of 
the tumor without invasion (penetrating sign)  [4, 5]  in 
conventional US findings. However, a small number of 
patients with HML shows that there is a lack of determin-
istic findings in US and contrast-enhanced US (CEUS) 
examinations. As a result, differential diagnosis from oth-
er types of malignant hepatic tumors, such as hepatocel-
lular carcinoma (HCC)  [6, 7]  and cholangiocellular car-
cinoma (CCC)  [8] , is difficult in some cases using US. In 
the present study, we elucidated US and CEUS findings 
obtained in patients with HML.

  Materials and Methods 

 We enrolled 25 patients diagnosed with HML based on patho-
logical findings, obtained from examinations performed at our 
hospitals from January 2006 to March 2017. The definition of pri-
mary HML proposed by Ohsawa et al.  [9]  was used in this study. 
All underwent US examinations, while CEUS was performed in 18 
(72%) with HI VISION Preirus (probe: EUP-C715, 3.0 MHz, MI 
0.2; Hitachi, Tokyo, Japan) or Logic E9 (probe: C1–6-D, 3.4 MHz, 
MI 0.25, GE Healthcare Medical Systems, Milwaukee, WI, USA, 
Perflubutane (Sonazoid ® , Daiichi Sankyo Co. Ltd., Tokyo, Japan) 
(0.5 mL/kg of body weight) was injected as the contrast agent for 
each CEUS examination. The arterial phase of CEUS imaging was 
identified at 10–60 s after, and the post-vascular phase at 10 min 
after the injection. The portal phase of CEUS imaging was identi-
fied at 1–2 min after perflubutane injection. Findings of US and 
CEUS were evaluated in a retrospective manner. When the anti-
body for hepatitis C virus (HCV)/HCV-RNA or hepatitis B surface 
antigen was detected, the patients were determined to have a 
chronic HCV or hepatitis B virus (HBV) infection. 

  Fischer’s exact test was used for comparisons with the EZR 
package  [10]  using the R program. The study protocol was ap-
proved by the Institutional Ethics Committee of Ehime Prefec-
tural Central Hospital (No. 28–52).

  Results 

 The clinical characteristics of the present cohort are 
shown in  Table 1  (median age 70 years, interquartile range 
58–81 years; 15 males, 10 females; 7 primary, 18 second-
ary; 6 HCV, 5 HBV, 14 no liver disease; diffuse large B-cell 
lymphoma [DLBCL],  n  = 13, DLBCL + mucosa-associat-
ed lymphoid tissue,  n  = 2, mucosa-associated lymphoid 

tissue  [11] ,  n  = 2, Hodgkin’s lymphoma,  n  = 2, B-cell lym-
phoma [details unknown],  n  = 2, DLBCL + methotrexate-
associated lymphoproliferative disorders [MTX-LPD], 
 n  = 1, T-cell lymphoma + MTX-LPD,  n  = 1, adult T-cell 
lymphoma,  n  = 1, MTX-LPD  [12] ,  n  = 1). The median tu-
mor size was 26 mm (interquartile range 17–50 mm). Al-
though all lesions were revealed as hypo-echoic with con-
ventional US, the internal echo was revealed as heteroge-
neous in 10 and homogeneous in 15. The border of the 
tumor was unclear in 11. Inside the tumor, penetrating 
sign was detected in 9 patients. Dilatation of the distal in-
trahepatic bile duct by the tumor was observed in 4.

  When the cohort was divided into 2 groups according 
to tumor diameter (<30 mm, small group,  n  = 14;  ≥ 30 
mm, large group,  n  = 11), the tumors of 10 patients in the 
large group were revealed as a heterogeneous hypo-echo-
ic tumor, 9 had an unclear boundary, and 8 had penetrat-
ing sign. Dilatation of the distal intrahepatic bile duct by 
the tumor was observed in only 4 of the large group cases. 
On the contrary, all in the small group were revealed as 
homogeneous hypo-echoic tumors, while 12 had a clear 
boundary and only 1 had penetrating sign.

  Eighteen patients were examined with CEUS. In the ar-
terial phase, 13 showed a homogeneous enhancement, 2 a 
basket pattern, and 2 an avascular area, while 1 had a spoke-
wheel pattern in the early vascular phase. In addition, 16 
showed a washout pattern in the portal phase and 2 were 
revealed as iso-vascular. All were shown as a defect in the 
post-vascular phase. The 18 patients who were examined 
with CEUS were divided into 2 groups based on tumor di-
ameter (<30 mm, small group,  n  = 11;  ≥ 30 mm, large group, 
 n  = 7). Among those patients in the large group in whom 
CEUS was performed, 3 showed homogeneous enhance-
ment, 2 had avascular area, 1 showed a basket pattern, 1 had 
a spoke-wheel pattern in the early vascular phase, and 5 
showed a washout pattern in the portal phase, while all were 
revealed as a defect in the post-vascular phase. Among the 
11 patients in the small group, 10 showed homogeneous 
enhancements and 1 a basket pattern in the early vascular 
phase, while all had a washout pattern in the portal phase 
and were revealed as a defect in the post-vascular phase.

  The clinical characteristics of patients with primary 
( n  = 7) and secondary ( n  = 18) HML are shown in  Table 2 . 
In the primary HML group ( n  = 7), 5 had a heterogeneous 
hypo-echoic tumor with an unclear boundary and 5 had a 
large-sized tumor ( ≥ 30 mm). All were examined with 
CEUS. Images obtained in the early vascular phase showed 
various features, including 5 tumors with a washout pat-
tern in the portal phase, which were revealed as a defect in 
the post-vascular phase. Among those in the secondary 
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HML group ( n  = 18), 13 had a homogeneous hypo-echoic 
tumor and 12 showed a clear boundary. In addition, a 
small-sized tumor (<30 mm) was found in 12 of these cas-
es. CEUS was performed in 11 of the patients in the sec-
ondary HML group. Of those, 10 showed to be enhanced 
homogeneously in the early vascular phase, while all 
showed a washout pattern in the portal phase and were 
revealed as a defect in the post-vascular phase. In both pri-
mary and secondary tumor-forming HMLs, there were 
similar tendencies found in findings obtained with US and 
CEUS. Although the percentage of large-sized tumors was 
greater in the primary cases, the difference was not sig-
nificant (5 of 7 (71.4%) vs. 6 of 18 (33.3%);  p  = 0.177).

  Representative Cases 
 Case 1. An 89-year-old Japanese female was referred to 

Ehime Prefectural Central Hospital with elevated liver en-
zymes. A hepatic tumor (32 mm in diameter) was detected 
in the second segment of the liver and revealed as a hetero-
geneous hypo-echoic nodule with an unclear boundary 
( Fig. 1 ). Intraperitoneal lymphadenopathy and pancreatic 
mass were shown in full-body CT scan. Penetrating sign was 
detected inside of the tumor and dilatation of the intrahe-
patic bile duct by tumor was also observed. Pathologically, 
the tumor was diagnosed as secondary hepatic DLBCL, in-
cluding microscopic findings showing diffuse proliferation 
of medium-to-large atypical lymphocytes with hematoxy-
lin and eosin (H&E) staining, and positive findings for the 
anti-CD-20 antibody following immune staining. 

  Case 2. A 73-year-old Japanese female was referred to 
Ehime Prefectural Central Hospital due to lymphadenopa-
thy. A hepatic tumor (15 mm in diameter) was detected in 
the fifth segment of the liver by conventional US (Fig. 2), 
and lymphadenopathy was shown in full-body CT scan. 
The tumor was revealed as a homogeneous hypo-echoic 
nodule with a clear boundary in conventional US images. 
With CEUS, homogeneous enhancement in the early vas-
cular phase and a washout pattern in the portal phase were 
observed, respectively. The tumor was revealed as a defect 
in the post-vascular phase. The tumor was diagnosed as 
secondary hepatic DLBCL, with microscopic findings in-
cluding diffuse proliferation of medium-to-large atypical 
lymphocytes with H&E staining, and positive findings for 
the anti-CD-20 antibody in immune staining.

Table 2.  Conventional ultrasonography findings of primary and 
secondary tumor-forming hepatic malignant lymphoma

<30 mm  ≥30 mm

homo/
hypo

hetero/
hypo

homo/
hypo

hetero/
hypo

Primary HML (n = 7) 02 0 0 5
Secondary HML (n = 18) 12 0 1 5

 HML, hepatic malignant lymphoma; hetero, heterogeneous; 
homo, homogeneous; hypo, hypo-echoic.

ba

  Fig. 1.  Case 1: an 89-year-old Japanese female with diffuse large B-
cell lymphoma. A heterogeneous hypo-echoic nodule with an un-
clear boundary (black arrowhead) was detected in the second seg-
ment of the liver (32 mm in diameter) by conventional abdominal 
ultrasonography (US;  a ). Penetrating sign (hepatic vein: white ar-

rowhead) was detected inside of the tumor and dilatation of the 
intrahepatic bile duct (arrow) by the tumor was observed ( b ). 
Pathologically, the tumor was diagnosed as secondary hepatic ma-
lignant lymphoma (diffuse large B-cell lymphoma). 
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  Discussion 

 ML is known as a malignant tumor that is derived from 
lymphatic tissue, while it has been noted that HML com-
prise approximately 8% of focal hepatic lesions  [13] . A 
primary HML has been reported to be a very rare malig-
nancy, representing 0.41–1% of extra-nodal lymphomas 
 [14–16] . On the contrary, it is well known that ML shows 
frequent invasion, as it has been reported in approximate-

ly 50–60% of autopsy cases with that tumor  [16, 17] . Sec-
ondary HML has been reported to often progress from 
ML and the diffuse invasive type is most frequent  [18] .

  It is considered that US findings of both primary and 
secondary tumor-forming HML have not been adequate-
ly evaluated. Although a needle biopsy procedure for ML 
has a high rate for accurate diagnosis (85%)  [19] , differ-
ential diagnosis including other malignant hepatic tu-
mors (e.g., HCC, CCC) can be difficult in some cases of 

b

c d

a

LOQIE
E9

LOQIE
E9

  Fig. 2.  Case 2: a 73-year-old Japanese female with diffuse large B-
cell lymphoma. A hepatic tumor (15 mm in diameter) was revealed 
as a homogeneous hypo-echoic nodule with a clear boundary in 
the fifth segment of the liver by conventional B-mode of abdomi-
nal ultrasonography (US; a). In contrast-enhanced US with per-

flubutane (CEUS), homogeneous enhancement in the early vascu-
lar phase ( b ) and a washout pattern in the portal phase ( c ) were 
observed, respectively. In the post-vascular phase of CEUS, the 
tumor was revealed as a defect ( d ). 
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HML using US findings  [20]  and even with other modal-
ities  [21, 22] . Lack of deterministic findings for US and 
CEUS has been thought to be the reason why only a small 
number of patients have been reported with an HML.

  In general, an HML is revealed as a homogeneous hy-
po-echoic lesion  [1–3] , and often includes the portal vein 
or hepatic vein inside of the tumor without invasion (pen-
etrating sign) in conventional US findings  [4, 5] . Based on 
the present results, image findings of HML might differ 
depending on the tumor diameter. In our study, small tu-
mors (<30 mm in diameter) were revealed as homoge-
neous hypo-echoic lesions, the same as previously report-
ed, whereas penetrating sign  [5]  was not detected in near-
ly all cases. On the contrary, in large tumors ( ≥ 30 mm in 
diameter) penetrating sign was detected, though 91% 
(10/11) were revealed as a heterogeneous hypo-echoic le-
sion. In addition, dilatation of the distal intrahepatic bile 
duct by tumor was observed in 4 cases, making it difficult 
to distinguish it from CCC.

  Trenker et al.  [23]  reported that HML had no specific 
tendencies in CEUS findings for the early vascular and 
post-vascular phases. In the present cohort, image findings 
in the early vascular phase of CEUS for the large group var-
ied, while those for the small group nearly always showed 
an enhanced homogeneity and a washout pattern in the 
portal phase, and defect in the post-vascular phase. Our 
results also suggest that CEUS findings can differ accord-
ing to tumor size. In US and CEUS imaging, similar ten-
dencies were observed in both types of tumor-forming 
HML according to tumor size (<30 or  ≥ 30 mm;  Table 2 ).

  Past reports have suggested that development of an 
HML might be associated with chronic HBV or HCV in-

fection  [24, 25] , as they have been described as possible 
trigger factors for immune activation, potentially leading 
to benign or malignant lymphoproliferative disorders. 
HBV or HCV infection was detected in 44% of the present 
cohort. When a hepatic tumor is revealed as typical HCC 
in CEUS findings but as a homogeneous hypo-echoic le-
sion in patients with chronic HBV or HCV infection, 
HML should be kept in mind for differential diagnosis. As 
confirmed by the present results, diagnosis of HML is of-
ten difficult with only US and CEUS imaging, and remains 
an important issue, indicating the importance of the role 
of a pathological examination for obtaining a definitive 
diagnosis. Of course, when a typical small-sized (<30 mm) 
HCC is shown to be clear homogenous hypo-echoic with 
a clear boundary in conventional US, biopsy and general 
examinations for screening of the lymph nodes including 
imaging should be considered  [26, 27] .

  To the best of our knowledge, no previous reports have 
noted differences in image findings of HML obtained 
with US and CEUS. It is important to keep in mind that 
US findings vary according to tumor size in cases of pri-
mary and secondary HML. A limitation of the present 
study is the small number of patients. Thus, our findings 
are too limited for definitive conclusions. Therefore, ac-
cumulation of cases and studies with a greater number of 
patients is needed.

  Disclosure Statement 

 There are no financial disclosures, grants from any organs, con-
flicts of interest, and/or acknowledgements for the authors to 
 declare. 
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change ( p  = 0.015), interface hepatitis ( p  = 0.012), and prom-
inent plasma cells in portal areas ( p  = 0.011), were higher in 
the AIH group than in the DILI group.  Conclusion:  This study 
showed that DDW-J scale was useful for differentiating AIH 
from DILI in cases with a DDW-J scale score of  ≧ 5. The histo-
logic features of AIH were characterized by cobblestone he-
patocellular change, interface hepatitis, and plasma cell in-
filtration of the portal region.  © 2017 S. Karger AG, Basel 

 Introduction 

 Acute-onset autoimmune hepatitis (AIH) histopatho-
logically presents with features of acute hepatitis and 
lacks a specific diagnostic method. Also, AIH is often dif-
ficult to differentiate from drug-induced liver injury 
(DILI). These conditions are mediated by immunological 
reactions, and thus show considerable resemblance in 
clinical and histopathologic features  [1–6] .

  Early immunosuppressive therapy typically contains 
disease activity in patients with idiopathic AIH and can 
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 Autoimmune hepatitis · Cobblestone hepatocellular change · 
Digestive Disease Week Japan 2004 scale · Drug-induced 
liver injury · Emperipolesis · Histologic features 

 Abstract 
  Aim:  Acute-onset autoimmune hepatitis (AIH) histopatho-
logically presents with features of acute hepatitis and lacks 
a specific diagnostic method. Also, AIH is often difficult to 
differentiate from drug-induced liver injury (DILI). We aimed 
to investigate the final clinical diagnosis of these cases, and 
compare the clinical, biochemical, and histological charac-
teristics of AIH vs. DILI.  Methods:  We examined the Digestive 
Disease Week Japan 2004 (DDW-J) scale scores, AIH scores, 
clinical data, and pathological findings in 20 patients in 
whom it was difficult to differentiate autoimmune liver dis-
ease from DILI.  Results:  In cases with a DDW-J scale score of 
 ≥ 5, there was a good correlation between the final diagnosis 
and DDW-J scale assessments, but in cases with a DDW-J 
scale score of  ≦ 4 they did not correlate well. The scores for 
pathological findings, such as cobblestone hepatocellular 
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lead to disease remission  [7, 8] . Similarly, prompt identi-
fication and discontinuation of offending drugs halts on-
going liver injury in cases with DILI  [5] . Failure to prop-
erly treat AIH and DILI could result in clinically devastat-
ing acute or chronic outcomes  [5, 6] . Chronic AIH could 
also lead to hepatocarcinogenesis in the future  [9–11] .

  Two major mechanisms are mainly proposed in the 
development of DILI. First, the dose-dependent (intrin-
sic) hepatotoxicity caused by the use of drugs, such as 
acetaminophen and aspirin. The other is idiosyncratic 
(unpredictable) hepatotoxicity that can be caused by 
most of the drugs. This mechanism is classified into 2 
groups: immunologic and metabolic  [12, 13] . Drugs that 
cause immunity-related DILI can trigger immune re-
sponse against hepatic proteins, which can lead to a clin-
ical course similar to AIH  [3] . Many drugs have been 
reported to cause this condition, called drug-induced 
AIH  [2, 14, 15] . However, it is difficult to distinguish be-
tween classic AIH and drug-induced AIH, as serological 
and histological findings of these conditions are quite 
similar  [1–6, 16, 17] .

  The histologic classification of DILI has been reported 
recently along with detailed descriptions of histologic fea-
tures and corresponding differential diagnosis for each 
injury pattern  [18] . Characteristic histologic features of 
AIH have also been well documented in the literature  [19, 
20] . However, there is no individual histologic feature 
that is absolutely indicative of either DILI or AIH; thus, 
the evaluation of liver biopsy in determining AIH vs. DILI 
may be a significant challenge.

  Recently, clinical scales or scores have been developed 
to facilitate the diagnosis of DILI. In Japan, the Digestive 
Disease Week Japan 2004 (DDW-J) scale, which is highly 
sensitive and specific, was developed by modifying the 
Council for International Organizations of Medical Sci-

ences/the Roussel Uclaf Causality Assessment Method 
(CIOMS/RUCAM) scale  [21–24] . However, there were 
also discrepancies. In the manual of DDW-J scale, it is 
described that differential diagnoses of idiopathic AIH 
and DILI are difficult.

  In this study, we examined DDW-J scale scores, AIH 
scores, clinical data, and pathological findings in 20 pa-
tients in whom it was difficult to differentiate autoim-
mune liver disease from DILI. We aimed to investigate 
the final clinical diagnosis of these cases, and compare the 
clinical, biochemical, and histological characteristics of 
AIH vs. DILI. Furthermore, we wanted to investigate the 
method of differential diagnosis of AIH vs. DILI.

  Methods 

 Subjects 
 The study comprised 20 patients in whom it was difficult to dif-

ferentiate AIH from DILI, who underwent liver biopsy, did not 
have a previous history of liver injury, and were followed up for 
more than one year, in Kagawa Prefectural Central Hospital from 
April 2010 to December 2015 ( Table 1 ). Clinical and laboratory 
data were obtained from medical records in the hospital. The di-
agnosis of DILI was based on the DDW-J scale and clinical course 
 [21–24] . The diagnosis of AIH was based on a scoring system pro-
posed by the International Autoimmune Hepatitis Group and 
clinical course  [25] . The pathological findings and clinical data 
were also compared between patients finally diagnosed with AIH 
and those with DILI.

  The DDW-J Scale 
 DDW-J scale was developed by modifying the CIOMS/RU-

CAM scale  [21–23] . In particular, the factor of co-medication was 
excluded, and the factors of drug lymphocyte stimulation test and 
eosinophilia were included according to Japan’s clinical environ-
ment. Each case was assessed according to DDW-J scale, a Japa-
nese clinical diagnostic criteria for DILI  [24] . First, the cases were 
scored for 8 indicated items: time to onset, course, risk factors, 
other causes, previous information on hepatotoxicity, eosinophil-
ia, drug-lymphocyte stimulation test, and response to re-adminis-
tration. Based on the total scores, individual cases were classified 
into 3 grades with respect to the diagnosis of DILI: 5 or more, prob-
able; 3–4, possible; 2 or less, unlikely .  Then, the cases were classi-
fied into hepatocellular, cholestatic, and mixed hepatocellular and 
cholestatic type according to the serum levels of alanine amino-
transferase (ALT) and alkaline phosphatase (ALP). Hepatocellular 
type was defined as ALT >2 × upper limit of the normal range 
(ULN) and ALP  ≦ ULN, or  R   ≧ 5, where the  R  value was calculated 
as (ALT/ULN)/(ALP/ULN). Cholestatic type was defined as ALT 
 ≦ ULN and ALP >2 × ULN, or  R   ≦ 2. The mixed type was defined 
as ALT >2 × ULN, ALP >ULN, and  R  >2 and <5.

  The Final Clinical Diagnosis 
 A final diagnosis of DILI was based on the following criteria: 

diseases other than autoimmune liver disease were excluded, 
DDW-J scale score was  ≥ 3, liver injury improved regardless of the 

Table 1.  Patient characteristics

Age, years 52±12.2 (30–72)
Gender, male/female 4/16
Alanine aminotransferase, IU/L 911.9±586 (152–2,061)
Aspartate transaminase, IU/L 702±594 (120–2,168)
Total bilirubin, mg/dL 5.5±5.9 (0.4–20.8)
Alkaline phosphatase, IU/L 546±269 (303–1,306)
γ-Glutamyltranspeptidase, IU/L 251±183 (18–790)
Immunoglobulin G, mg/dL 1,814±637 (917–3,200)
Antinuclear antibodies 

(positive/negative) 13/7
Anti-mitochondrial antibody M2 

(positive/negative) 3/17
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presence or absence of treatment, and the liver injury did not re-
lapse during the follow-up period. A final diagnosis of AIH was 
based on the following criteria: when the pre-treatment AIH score 
was  ≥ 10 (definitive/suspected diagnosis), post-treatment AIH 
score was 12–17 (suspected), and the liver injury relapsed during 
the follow-up period. Furthermore, a diagnosis of AIH was made, 
regardless of the presence or absence of liver injury relapse, when 
the pre-treatment AIH score was  ≥ 10 (definitive/suspected) and 
the post-treatment AIH score was  ≥ 18 (definitive).

  Liver Biopsy and Histological Examination 
 Liver biopsy specimens obtained from these patients were fixed 

in 10% formalin and embedded in paraffin, and were  processed 
routinely for histological diagnosis. The emperipolesis, based on 
entry of lymphocytes into hepatocytes, was characterized by a halo 
around the nucleus of lymphocytes in hematoxylin and eosin 
(H&E)-stained liver sections. Miao et al.  [26]  reported that the 
lymphocytes in hepatocytes were predominantly as CD8 T-cells. 

Therefore, emperipolesis was evaluated on H&E-stained and dou-
ble (immunostaining CD8+ H&E) stained slides ( Fig. 1 a). The 20 
biopsy slides were evaluated concomitantly by 3 experienced pa-
thologists (K.T., S.N., and K.M.) blinded to the clinical informa-
tion using a standardized histologic scoring sheet. Scoring was 
done by consensus. The features listed in  Table 2  were scored and 
recorded in the standardized scoring sheets. The scores for patho-
logical findings were also compared between patients finally diag-
nosed with AIH and those with DILI.

  Statistical Analysis 
 Data are reported as means (±SDs) for continuous variables or 

proportion of patients with a condition. Between-group differenc-
es were assessed using the Mann-Whitney U test for consistent 
variables. For all statistical analyses, we used the Excel statistical 
software package (Bell Curve for Excel; Social Survey Research In-
formation Co., Ltd., Tokyo, Japan). A value of  p  < 0.05 was consid-
ered statistically significant.

Table 2.  Histologic features evaluated in this study

Histologic features Evaluation Score

CZN (Centrozonal necrosis) Yes/no 1/0
Perivenular necroinflammatory activity Yes/no 1/0
Lobular necrosis/inflammation (not including CNZ) Severe/moderate/mild/none 3/2/1/0
Cobblestone hepatocellular change Severe/moderate/mild/none 3/2/1/0
Hepatocyte rosettes Yes/no 1/0
Pigmented macrophages Yes/no 1/0
Prominent plasma cells in intra-acinar areas Yes/no 1/0
Perivenular fibrosis Severe/moderate/mild/none 3/2/1/0
Portal inflammation Severe/moderate/mild/none 3/2/1/0
Interface hepatitis Severe/moderate/mild/none 3/2/1/0
Prominent plasma cells in portal areas Severe/moderate/mild/none 3/2/1/0
Bile duct injury Yes/no 1/0
Portal fibrosis F4/F3/F2/F1/F0 4/3/2/1/0
Cholestasis Yes/no 1/0
Mitosis Yes/no 1/0
Emperipolesis Yes/no 1/0

a b c

  Fig. 1.  High-power images of emperipolesis.  a  Detection of em-
peripolesis by immunostaining; the liver tissue collected by needle 
biopsy was immunostained for CD8 followed by H&E. The white 
arrow denotes a CD8 positive lymphocyte among the hepatocytes. 

 b  Case of autoimmune hepatitis, ( c ) case of drug-induced liver in-
jury. Emperipolesis based on entry of lymphocytes into hepato-
cytes, was characterized by a halo around the nucleus of lympho-
cytes. (Needle biopsy, H&E). 
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  Results 

 The Final Clinical Diagnosis 
 A final diagnosis was AIH in 8 patients, DILI in 8, pri-

mary biliary cholangitis (hepatitis type) in 2, and unclas-
sifiable in 2. All 5 cases with an AIH score (post-treatment) 
of  ≥ 18 were finally diagnosed with AIH ( Table 3 a). All 6 
cases with a DDW-J scale score of  ≥ 5 were finally diag-
nosed with DILI. In cases with a DDW-J scale score of  ≥ 5, 
there was a good correlation between the final diagnosis 
and DDW-J scale assessments, but in cases with a DDW-J 
scale score of  ≦ 4 they did not correlate well ( Table 3 b).

  Comparison of Clinical Features between AIH and 
DILI Cases 
 The clinical data were compared between patients fi-

nally diagnosed with AIH ( n  = 8) and those with DILI 

( n  = 8). Clinical characteristics of patients with AIH and 
DILI are summarized in  Table 4 . The mean age and fe-
male gender of the AIH vs. DILI population were 49.6 ± 
15.4 vs. 50.9 ± 10.5 years ( p  = 0.834) and 75% vs. 88% fe-
male ( p  = 0.587). Immunoglobulin G level was higher in 
the AIH cases (2,064 ± 530 mg/dL) than in the DILI cases 
(1,455 ± 484 mg/dL;  p  = 0.018). The AIH cases were char-
acterized by positive ANA status ( p  = 0.053) and lower 
albumin level ( p  = 0.082).

  Comparison of Histologic Features between AIH and 
DILI Cases 
 The scores for pathological findings were compared 

between patients finally diagnosed with AIH ( n  = 8) and 
those with DILI ( n  = 8). The data for the comparison 
between AIH and DILI are summarized in  Table 5 . The 
scores for pathological findings, such as cobblestone he-

Table 3.
a  Final diagnosis according to AIH score

Final diagnosis AIH score (pre-treatment)

≧16 points
definitive diagnosis

10–15 points
suspected diagnosis

≦9 points

AIH 2 6 0
DILI 0 2 6
PBC (hepatitis type) 0 0 2
Unclassifiable 0 2 0
Total 2 10 8

Final diagnosis AIH score (post-treatment)

≧18 points
definitive diagnosis

12–17 points
suspected diagnosis

≦11 points

AIH 5 3 0
DILI 0 1 7
PBC (hepatitis type) 0 1 1
Unclassifiable 0 1 1
Total 5 6 9

b Final diagnosis according to DDW-J scale score

Final diagnosis DDW-J scale score

≧5 points probable 3–4 points possible ≦2 points unlikely

AIH 0 4 4
DILI 6 2 0
PBC (hepatitis type) 0 1 1
Unclassifiable 0 2 0
Total 6 9 5

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
16

3.
51

.1
65

.5
 - 

11
/2

0/
20

18
 6

:0
5:

58
 A

M

－566－



 Tsutsui    et al. Dig Dis 2017;35:506–514
DOI: 10.1159/000480139

510

Table 4.  Comparison of clinical features between AIH and DILI cases

AIH group (n = 8) DILI group (n = 8) p value

Age, years 49.6±15.4 (30–72) 50.9±10.5 (36–67) 0.834
Gender, male/female 2/6 1/7 0.587
Alanine aminotransferase, IU/L 1,015.6 (152–2,061) 920.1 (273–1,732) 0.793
Aspartate transaminase, IU/L 778.1 (120–2,168) 519.5 (100–976) 0.372
Total bilirubin, mg/dL 5.0 (1.6–10.9) 4.85 (0.8–20.8) 0.207
Alkaline phosphatase, IU/L 488.9 (200–692) 549.8 (303–1,049) 0.637
γ-Glutamyltranspeptidase, IU/L 201.1 (58–342) 224.6 (92–453) 0.875
Antinuclear antibodies (positive/negative) 7/1 3/5 0.053
Immunoglobulin G, mg/dL 2,064 (1,341–2,669) 1,454.8 (917–2,437) 0.018*
Immunoglobulin M, mg/dL 167.1 (69–342) 142.1 (71–290) 0.713
WBC, μ/L 5,962 (4,300–8,300) 5,538 (3,000–10,200) 0.494
Peripheral eosinophil, % 2.8 (0–9.9) 2.9 (1.3–10.4) 0.833
Platelet, ×10,000 μ/L 20.2 (13–28.4) 22.2 (13.1–30.9) 0.599
Prothrombin time, % 80.6 (66–97) 88.4 (33–124) 0.172
Albumin, g/dL 3.7 (3.1–4.7) 4.3 (3.4–5) 0.082

 * p < 0.05 Mann-Whitney test.

Table 5.  Comparison of histologic features between AIH and DILI cases

Histologic features Evaluation Cases, n Score (mean) p value

CZN (Centrozonal necrosis) Yes/no AIH 4/4 0.50 0.27
DILI 4/4 0.50

Perivenular necroinflammatory activity Yes/no AIH 5/3 0.63 0.50
DILI 3/5 0.38

Lobular necrosis/inflammation (not including CNZ) Severe/moderate/mild/none AIH 3/0/5/0 1.75 0.14
DILI 0/1/6/1 1.00

Cobblestone hepatocellular change Severe/moderate/mild/none AIH 0/4/4/0 1.50 0.015*
DILI 0/0/6/2 0.75

Hepatocyte rosettes Yes/no AIH 3/5 0.38 0.14
DILI 0/8 0.00

Pigmented macrophages Yes/no AIH 4/4 0.63 0.52
DILI 6/2 0.75

Plasma cell infiltration in the liver parenchyma Yes/no AIH 3/5 0.38 0.055
DILI 0/8 0.00

Perivenular fibrosis Severe/moderate/mild/none AIH 0/1/5/2 0.88 0.078
DILI 0/0/2/6 0.25

Portal inflammation Severe/moderate/mild/none AIH 1/4/3/0 1.75 0.059
DILI 0/2/3/3 0.88

Interface hepatitis Severe/moderate/mild/none AIH 1/4/3/0 1.75 0.012*
DILI 0/0/5/3 0.63

Prominent plasma cells in portal areas Severe/moderate/mild/none AIH 0/5/3/0 1.63 0.011*
DILI 0/0/5/3 0.63

Bile duct injury Yes/no AIH 3/5 0.38 0.52
DILI 2/6 0.25

Portal fibrosis F4/F3/F2/F1/F0 AIH 0/1/2/6/0 1.38 0.34
DILI 1/0/1/3/3 1.13

Cholestasis Yes/no AIH 0/7 0.00 0.20
DILI 2/6 0.25

Mitosis Yes/no AIH 0/7 0.00 0.21
DILI 2/6 0.25

Emperipolesis Yes/no AIH 8/0 1.0 0.20
DILI 6/2 0.75
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patocellular change ( p  = 0.015;  Fig. 2 ), interface hepati-
tis ( p  = 0.012), and prominent plasma cells in portal 
areas ( p  = 0.011), were higher in the AIH group than in 
the DILI group. Hepatocyte rosettes were noted in 3 
cases of the AIH group, but in none of the DILI group. 
Centrozonal necrosis was found in 4 cases (4/8 cases, 
50%) each in the AIH and DILI group ( Fig.  3 ). Em-
peripolesis was found in all cases (8/8 cases, 100%) of 
the AIH group, and in 6 cases (6/8 cases, 75%) of the 
DILI group ( Fig. 1 b, c).

  Discussion 

 We examined the DDW-J scale scores, AIH scores, 
clinical data, and pathological findings in 20 patients in 
whom it was difficult to differentiate autoimmune liver 
disease from DILI. As a result, the final diagnosis was AIH 
in 8 patients, DILI in 8. Then, we compared the clinical, 
biochemical, and histological characteristics of AIH vs. 
DILI. The data obtained in this study were summarized 
as follows. (i) In cases with a DDW-J scale score of  ≥ 5, 
there was a good correlation between the final diagnosis 
and DDW-J scale assessments, but in cases with a DDW-
J scale score of  ≦ 4 they did not correlate well. (ii) The 
scores for pathological findings, such as cobblestone he-
patocellular change ( p  = 0.015), interface hepatitis ( p  = 
0.012), and prominent plasma cells in portal areas ( p  = 
0.011), were higher in the AIH group than in the DILI 
group.

  The DDW-J scale, which is highly sensitive and spe-
cific, was developed by modifying the CIOMS/RUCAM 
scale  [21–23]. It  was proposed as an objective tool for the 
diagnosis of DILI, and has been widely used in Japan  [24] . 
Based on the total scores, individual cases were classified 
into 3 grades with respect to a diagnosis of DILI: probable, 
possible, unlikely ( Table 2 ). It was found in this study that 
all 6 cases with a DDW-J scale score of  ≥ 5 (probable DILI) 
were finally diagnosed with DILI, suggesting a good cor-
relation between the final clinical diagnosis and DDW-J 
scale assessment. However, in cases with a DDW-J scale 
score of  ≦ 4, the final diagnosis and DDW-J scale assess-
ments did not correlate well. We reported a similar result 
in another study before  [27].  Therefore, the DDW-J scale 
scores appear to be useful for differentiating AIH from 
DILI. Thus, gathering accurate information for DDW-J 
scale scores is one of the essentials of accurate diagnosis 
of DILI, and liver biopsy was useful for differentiating 
AIH from DILI in cases with a DDW-J scale score of  ≦ 4.

  In our study, the scores for pathological findings, such 
as cobblestone hepatocellular change, interface hepatitis, 
and plasma cell infiltration of the portal region, were 
higher in the AIH group than in the DILI group, and ro-
sette formation was noted in 3 cases of the AIH group, but 
in none of the DILI group. It has been reported that in-
terface hepatitis, plasmacytic infiltration, and hepatocyte 
rosetting are characteristic features of AIH  [20] . Liver cell 
plates are thickened by regeneration, and rosette-like for-
mations are commonly seen in AIH. Fukuda et al.  [28]  
reported that regenerating hepatocytes show a cobble-

a b

  Fig. 2.  Cobblestone hepatocellular changes.  a  Low-power image, 
( b ) high-power image. Cobblestone hepatocellular changes com-
prised cluster of small and monomorphic hepatocytes with typi-

cally clear hydropic cytoplasm, reflecting increased regenerative 
activity. Rosette-like formations (white arrow) are seen in cobble-
stone hepatocellular changes. (Needle biopsy, H&E). 
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stone appearance. It seems conceivable that cobblestone 
hepatocellular change which have not been previously 
described, may lead to characteristic feature of AIH, es-
pecially early in the course of AIH. Further investigations 
with more accumulated cases are required.

  Emperipolesis has been widely described in patients 
with AIH, but its significance and the diagnostic value 
have not been quantitated. Emperipolesis, based on entry 
of lymphocytes into hepatocytes, was characterized by a 
halo around the nucleus of lymphocytes in H&E-stained 
liver sections. However, it is very difficult to detect it be-
cause a halo around the nucleus of hepatocytes in H&E is 
often seen. Miao et al.  [26]  reported that CD8 T cells were 
the major cell type of lymphocytes infiltrating hepato-
cytes in AIH. Therefore, we evaluated emperipolesis on 

an H&E-stained and double (immunostaining CD8+ 
H&E) stained slides. In our study, emperipolesis was not-
ed in all cases (8/8, 100%) of the AIH group, and in 6 
cases (6/8, 75%) of the DILI group. Miao et al.  [26]  de-
scribed that emperipolesis is associated with more severe 
necroinflammatory and fibrotic changes. We consider 
that emperipolesis is a characteristic feature of AIH; how-
ever, it may be seen in not only AIH but also in other 
liver diseases with severe necroinflammatory changes. 

 In our study, centrozonal necrosis was found in 4 cas-
es (50%) each in the AIH and DILI groups. The centri-
lobular pattern of injury has been postulated that it may 
represent an early stage of otherwise classic AIH  [29, 
30] . Centrilobular injury with prominent hepatocellular 
necrosis and mononuclear inflammation occurs in up to 

a b

c d

  Fig. 3.  Medium-power images of centrozonal necrosis (CZN). 
 a ,   b   Case of autoimmune hepatitis. Centrilobular injury with 
prominent hepatocellular necrosis occurs in conjunction with 
periportal activity and interface hepatitis.  c ,  d  Case of drug-in-

duced liver injury. Well-demarcated centrilobular confluent ne-
crosis is common, and the portal inflammatory reaction may be 
poorly developed or even absent. (Needle biopsy, H&E) CV, cen-
tral vein; PV, portal vein. 
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17% of AIH cases, either as an isolated finding (rarely) 
or in conjunction with periportal activity and interface 
hepatitis  [29–32] . This centrilobular necroinflammato-
ry injury pattern is not specific for AIH, but may also be 
seen in adverse drug reactions. As histologic features as-
sociated with drug-induced hepatitis, well-demarcated 
centrilobular confluent necrosis is common, and the 
portal inflammatory reaction may be poorly developed 
or even absent  [33] . According to Suzuki et al.  [1],  no 
single feature was indicative of AIH or DILI, but rather 
the combination of distinct findings. We considered 
that the evaluation of portal inflammatory reaction ap-
pears to be useful for differentiating AIH from DILI 
when centrilobular necroinflammatory injury pattern 
was found.

  Our study has limitations. First, our sample size was 
rather small. Second, there is a possibility that some of the 
observed histologic features may have been influenced by 
a set of drugs incriminated in the included DILI cases 

and/or clinical presentation of AIH (acute vs. chronic 
presentation). Lastly, our preliminary modeling efforts 
were only based on statistical results of this small sample 
without cross-validation.

  In conclusion, this study showed that DDW-J scale 
was useful for differentiating AIH from DILI in cases with 
a DDW-J scale score of  ≧ 5. The histologic features of AIH 
were characterized by cobblestone hepatocellular change, 
interface hepatitis, and plasma cell infiltration of the por-
tal region.

  However, there were also cases in whom it was difficult 
to differentiate AIH from DILI. Further investigation is 
needed to incorporate the knowledge into current clini-
copathologic diagnosis.

  Disclosure Statement 

 There are no conflicts of interest to declare.  
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determining hepatic fibrosis and inflammation using histo-
pathological diagnosis as the gold standard. The diagnostic 
ability of F index for fibrosis and A index for inflammation 
were compared using LF index and  V  s .  Results:  The total 
number of enrolled cases was 388. The area under the re-
ceiver operating characteristic (AUROC) was 0.87, 0.80, 0.83, 
and 0.80, at diagnosis of fibrosis stage with an F index of F1 
or higher, F2 or higher, F3 or higher, and F4, respectively. The 
AUROC was 0.94, 0.74, and 0.76 at diagnosis of activity grade 
with an A index of A1 or higher, A2 or higher, and A3, respec-
tively. The diagnostic ability of F index for liver fibrosis and A 
index for inflammation was higher than for other conven-
tional diagnostic values.  Conclusions:  The combined use of 
strain and shear wave imaging (combinational elastogra-
phy) might increase the positive diagnosis of liver fibrosis 
and inflammation.  © 2017 S. Karger AG, Basel 

 Introduction 

 In the ultrasonic elastography, the shear wave imag-
ing method calculates the tissue elastic modulus by 
measuring the propagation speed of the shear wave. 

 Keywords 
 Combined use of strain and shear wave imaging · 
Combined use of elastography · Combinational 
elastography · Shear wave imaging · Strain imaging 

 Abstract 
  Objective:  Performing shear wave imaging is simple, but can 
be difficult when inflammation, jaundice, and congestion 
are present. Therefore, the correct diagnosis of liver fibrosis 
using shear wave imaging alone might be difficult in mild-
to-moderate fibrosis cases. Strain imaging can diagnose liver 
fibrosis without the influence of inflammation. Therefore, 
the combined use of strain and shear wave imaging (combi-
national elastography) for cases without jaundice and con-
gestion might be useful for evaluating fibrosis and inflam-
mation.  Methods:  We enrolled consecutive patients with 
liver disease, without jaundice or liver congestion. Strain and 
shear wave imaging, blood tests, and liver biopsy were per-
formed on the same day. The liver fibrosis index (LF index) 
was calculated by strain imaging; real-time tissue elastogra-
phy, and the shear wave velocity ( V  s ) was calculated by shear 
wave imaging. Fibrosis index (F index) and activity index (A 
index) were calculated as a multiple regression equation for 
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 Kindai University Faculty of Medicine 
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Shear wave imaging is simple to perform, but can be dif-
ficult when inflammation, jaundice, and congestion are 
present. Therefore, it is difficult to diagnose liver fibro-
sis using shear wave imaging alone in mild-to-moderate 
fibrosis cases. Strain imaging is a device for the color 
mapping of tissue relative distortion and can diagnose 
liver fibrosis in the presence of inflammation, but it is 
highly dependent on measurement techniques and re-
quires operator training. The Europe and United States 
guidelines for hepatitis recommended the combined use 
of shear wave imaging and serum tests. Strain imaging 
excludes the influence of inflammation, and allows a 
more accurate diagnosis of fibrosis. Therefore, the com-
bined use of strain and shear wave imaging (combina-
tional elastography) for cases without jaundice and con-
gestion might be useful to evaluate fibrosis and inflam-
mation. Using pathological diagnosis as the gold 
standard, we developed an algorithm to calculate the 
degree of fibrosis and inflammation, and examined its 
diagnostic usefulness.

  Patients and Methods 

 Patients 
 This study analyzed data from UMIN000022089. This was a 

multi-center prospective study performed at Kindai University 
Hospital (Osaka-Sayama, Japan), Musashino Red Cross Hospi-
tal (Tokyo, Japan), and Ehime University Hospital (Toon, 
 Japan). We enrolled consecutive patients with liver disease ini-
tially tested by liver biopsy without jaundice or liver congestion 
between April 2016 and September 2017. Strain and shear wave 
imaging, blood tests, and liver biopsy were performed on the 
same day. The Fibrosis index (F index) and Activity index (A 
index) were calculated as a multiple regression equation to de-
termine hepatic fibrosis and inflammation using histopatho-
logical diagnosis as the gold standard. Their utility was evalu-
ated using K-fold cross validation. The study protocol con-
formed to the Declaration of Helsinki and was approved by the 
ethics committee at the Kindai University Faculty of Medicine. 
Each patient provided informed consent to participate in the 
study.

  Clinical and Laboratory Assessments 
 Blood samples were taken after overnight fasting and on the 

same day as the liver biopsy. Laboratory tests, including aspartate 
aminotransferase, alanine aminotransferase, total bilirubin, and 
platelet count were assessed using automated methods.

  Real-Time Tissue Elastography 
 Real-time tissue elastography (RTE) was performed after 

overnight fasting with ultrasound (HI VISION Ascendus; Hita-
chi, Tokyo, Japan) and EUP-C251 convex type probe (5–1 MHz, 
50 mm radius scan width, 75° field of view scan angle; Hitachi, 
Tokyo, Japan), as previously reported  [1, 2] . Because the RTE 

displays the relative amount of distortion, the analysis area was 
set as the whole RTE area. Another analyst blinded to patient 
characteristics, calculated the liver F index (LF index). Three sets 
of 5 heart beat images were measured and 3 consecutive frames 
were selected where the RTE image was most stable. One frame 
taking the median among the LF index obtained from each of the 
3 frames was set as the optimum frame. Eleven image features 
and the LF index acquired by strain histogram measurements 
from one optimum frame were calculated as follows: mean rela-
tive strain value (MEAN), standard deviation of relative strain 
value (SD), percentage of low strain area (percentage of blue col-
or area – %AREA), complexity of low strain area (calculated as 
perimeter 2/area – COMP), skewness (SKEW), kurtosis (KURT), 
entropy (ENT), textural complexity, inverse difference moment 
(IDM), angular second moment (ASM), contrast (CON), and 
correlation (COR).

  Shear Wave Measurement 
 Shear wave measurement (SWM) is a shear wave imaging 

method. SWM was performed after overnight fasting with ultra-
sound (HI VISION Ascendus) and EUP-C251 convex-type probe. 
Using the reliability index, the percentage of the net amount of ef-
fective shear wave velocity ( V  s N), it was determined whether SWM 
was appropriate for measurements  [3] . Measurements where  V  s N 
was 50% or greater were performed 5 times, and the median value 
of shear wave  V  s  was calculated.

  Pathological Analysis 
 Liver biopsy was performed with an 18-gauge cutting biopsy. 

Pathological tissues were paraffin fixed, and stained with hema-
toxylin & eosin and Masson-Trichrome. A blind reading was per-
formed by a specialized liver pathologist. For pathological diagno-
sis, fibrosis stage (F stage) and activity grade (A grade) were calcu-
lated according to the New Inuyama classification  [4] . Only 
samples with a sufficient amount of tissue collected for pathologi-
cal diagnosis were analyzed. All cases were analyzed. In addition, 
those judged as liver cirrhosis by imaging diagnosis and those with 
platelet counts of 100,000 or less were established as criteria for 
clinical liver cirrhosis.

  F Index and A Index 
 Using the pathological diagnostic values F stage and A grade as 

teacher data, multiple regression equations were calculated using 
11 feature quantities and SWM. Using  k -fold cross validation, ver-
ification statistics were performed, where  k  = 6, and models that 
gave the best verification statistics were determined. The diagnos-
tic ability of F index for fibrosis and A index for inflammation were 
compared with LFI and  V  s .

  Statistical Analysis 
 Descriptive statistics are shown as mean ± SD, median, or per-

centage, as appropriate. Correlations were analyzed using Spear-
man’s rank correlation coefficient. The ranking correlation was 
analyzed using the Jonckheere-Terpstra trend test. Diagnostic 
abilities were compared using the area under the receiver operat-
ing characteristic (AUROC).  p  < 0.05 was considered significant. 
Analysis was performed using SPSS Statistics 20 (IBM, Armonk, 
NY, USA), JMP 8.0 (SAS Institute Inc.), and R Version 3.3.3 (The 
R Foundation).
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  Results 

 Demographics and Baseline Features 
 The total number of enrolled cases was 388: 205 cases 

were at Musashino Red Cross Hospital, 106 cases were at 
Ehime University Hospital, and 77 cases were at Kindai 
University Hospital.

  Serological Markers 
 The data of the analysis subject were aspartate amino-

transferase 74.4 ± 8.7 IU, alanine aminotransferase 88.6 ± 
12.7 IU, serum bilirubin 0.98 ± 0.065 mg/dL, and platelet 
count 170,000 ± 4,000/μL. Cases with severe jaundice 
were not included.

  Background Liver Disease 
 The subjects analyzed included chronic hepatitis C, 

nonalcoholic fatty liver disease, chronic hepatitis B, pri-
mary biliary cholangitis, and autoimmune hepatitis at 
51.8, 11.1, 5.9, 5.9, and 5.4%, respectively. Alcoholic liv-
er  injury and drug-induced liver disease were also ob-
served. Patients with congestive liver were not included 
( Table 1 ).

  Pathological Analysis 
 The number of cases by pathological F1 stage was 182 

in F1, accounting for about 47% of cases, and A1 account-
ed for 241 cases and 62%, respectively. Thirteen cases 
were clinical cases of cirrhosis. There were only 9 cases in 
the A3 grade. As the F stage increased, the A grade sig-
nificantly tended to increase ( r  = 0.58,  p <  0.01;  Table 2 ).

  Calculate F Index and A Index 
 The F index was calculated as follows:
  F index  = –12.259–0.0199 × MEAN –0.0069 × SD + 

0.0068 × %AREA –0.0214 × COMP – 0.0772 × SKEW + 
0.0862 × KURT + 1.6659 × ENT – 1.3422 × IDM + 42.1004 × 
ASM + 0.0011 × CON + 8.2076 × COR + 1.3869 ×  V  s 

  The A index was calculated as follows:
  A index  = –7.408–0.0370 × MEAN – 0.0019 × SD – 

0.0218 × %AREA –0.0059 × COMP + 0.1884 × SKEW – 
0.2159 × KURT – 0.3597 × ENT – 5.1614 × IDM + 2.6551 × 
ASM + 0.0006 × CON + 15.1157 × COR + 0.5748 ×  V  s 

  Comparison between Each Evaluation Value and 
Pathological Diagnosis 
 The LF index,  V  s , and F index showed a significant up-

ward trend with F stage ( p  < 0.001; Jonckheere-Terpstra 
trend test,  r  = 0.305, 0.571, and 0.609; Spearman’s rank 
correlation coefficient). The  V  s  and A index also showed 

a significant upward trend with A grade ( p  < 0.001,  r  = 
0.379, and 0.428). However, the LF index did not signifi-
cantly correlate with inflammation ( r  = 0.291;  Fig. 1 ).

  Comparison of Diagnostic Ability of Each Evaluation 
Value 
 The F stage diagnostic ability of the F index, LF index, 

and  V  s  was compared using the AUROC. For the diagno-
sis of F1 or higher, the AUROC at F index, LF index, and 
 V  s  were 0.87, 0.83, and 0.81, respectively. Similarly, for the 
diagnosis of F2 or higher, they were 0.80, 0.79, and 0.62, 
respectively. For the diagnosis of F3 or higher, the  AUROC 
at F index, LF index, and  V  s  were 0.83, 0.81, and 0.59, re-
spectively and for the F4 diagnosis, they were 0.80, 0.79, 
and 0.59, respectively. The diagnostic ability of F index 
was the best for each fibrosis stage. The A grade diagnos-

Table 1.  Background liver disease

Liver disease n (%)

HCV 201 (51.8)
NAFLD 432 (11.1)
HBV 23 (5.9)
PBC 23 (5.9)
AIH 21 (5.4)
ALD 17 (4.4)
DILI 7 (1.8)
Others 65 (16.8)

 This table shows liver disease of patients. Patients with conges-
tive liver were not included. Hepatitis C (HCV) was most.

HCV, hepatitis C; NAFLD, nonalcoholic street hepatitis; HBV, 
hepatitis B; PBC, primary biliary cholangitis; AIH, autoimmune 
hepatitis; ALD, alcoholic liver disease; DILI, drug-induced liver 
disease.

Table 2.  Number of patients with pathological tissue diagnosis

A0 A1 A2 A3 NE Total

F0 26 28 1 3 0 55
F1 4 158 19 1 0 182
F2 0 35 38 2 0 75
F3 0 10 20 4 0 34
F4 0 10 17 2 13 (Clinical cirrhosis) 32
Total 30 241 95 9 13 388

 Thirteen cases were clinical cases of cirrhosis. As the F stage 
increased, the A grade significantly tended to increase (r = 0.58, p < 
0.01). NE, not evaluated.
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tic ability of A index, and  V  s  was compared by AUROC. 
For the diagnosis of A1 or higher, the AUROC at A index, 
and  V  s  were 0.94 and 0.85, respectively. Similarly, for the 
diagnosis of A2 or higher, they were 0.74 and 0.75, respec-
tively. For the diagnosis of A3 or higher, they were 0.76 
and 0.75, respectively. In activity diagnosis, the diagnostic 
ability of A index is not inferior to  V  s  ( Table 3 ).

  Discussion 

 The determination of liver fibrosis severity is very im-
portant since fibrosis is one of the important risk factor 
of hepatocarcinogenesis. Once liver cancer is detected by 
imaging  [5–7]  or biomarkers  [8, 9] , several treatment in-
terventions are applied such as resection  [10, 11] , ablation 
 [5, 12, 13] , transarterial chemoembolization  [14, 15] , he-
patic arterial infusion chemotherapy  [16, 17]  or systemic 
therapy  [18–21] . A number of studies have investigated 
shear wave imaging as a noninvasive diagnostic method 

for liver fibrosis  [22–25] . However, shear wave imaging is 
affected by hepatic fibrosis and inflammation, jaundice, 
and congestion  [26–28] . This is why the diagnosis of 
mild-to-moderate hepatic fibrosis is difficult by shear 
wave imaging alone, despite elastography being a useful 
noninvasive diagnostic method for hepatic fibrosis de-
scribed in the hepatitis clinical practice guidelines of the 
World Federation for Ultrasound in Medicine and Biol-
ogy (WFUMB), The European Association of the Study 
of the Liver, and the American Association for the Study 
of Liver Diseases  [29–31] .

  Strain imaging such as RTE is not affected by inflam-
mation, jaundice, or congestion  [1, 2, 32, 33] . In this 
study, we analyzed only cases without jaundice and con-
gestion to evaluate fibrosis and inflammation. The com-
bined use of strain and shear wave imaging was used to 
diagnose hepatic fibrosis and inflammation. It was con-
firmed that the diagnostic ability of F index for liver fibro-
sis diagnosis and A index for inflammation were higher 
than other conventional diagnostic values.
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  Fig. 1.  Comparison between each evaluation value and pathologi-
cal diagnosis. Open circles were outliers. The LF index,  V  s , and F 
index showed a significant upward trend with F stage ( p  < 0.001; 
Jonckheere-Terpstra trend test,  r  = 0.305, 0.571, and 0.609; Spear-
man’s rank correlation coefficient).  V  s  and A index also showed a 

significant upward trend with A grade ( p  < 0.001,  r  = 0.379, and 
0.428). However, the LF index did not significantly correlate with 
inflammation ( r  = 0.291).  a  F index by F stage, ( b )  V  s  by F stage, 
( c ) LF index by F stage, ( d ) A index by A grade, ( e )  V  s  by A grade. 
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  However, the number of cases in this study was small. 
Liver tissues for pathological diagnoses were only ob-
tained by biopsy; therefore, the influence of sampling er-
ror could not be eliminated. There was also a bias because 
there were few cases with high levels of inflammation. 

  Although various diseases were included in this study, 
it will be essential to investigate whether there are any 
common factors between all these diseases in the future. 
Furthermore, it will be necessary to investigate whether 
this method can be applied to all cases because the disease 
is diverse. However, the combined use of strain and shear 
wave imaging might increase the diagnostic capabilities. 
These results might impact the development policy of fu-
ture diagnostic equipment, and the direction of practical 
guidelines.

  Conclusions 

 The combined use of strain and shear wave imaging 
(combinational elastography) might increase the ability 
to diagnose liver fibrosis and inflammation.
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Table 3.  Comparison of diagnostic ability of each evaluation value

Diagnosis level Evaluation value Cutoff value Sensitivity Specificity Accuracy AUROC

F≥1 F index 1.162 0.761 0.759 0.760 0.871
Vs 1.258 0.770 0.778 0.771 0.826
LF index 1.901 0.746 0.745 0.746 0.809

F≥2 F index 1.524 0.740 0.739 0.740 0.804
Vs 1.507 0.735 0.735 0.735 0.794
LF index 2.282 0.587 0.585 0.585 0.621

F≥3 F index 1.748 0.750 0.750 0.750 0.826
Vs 1.633 0.724 0.725 0.725 0.809
LF index 2.322 0.553 0.555 0.554 0.594

F=4 F index 1.770 0.690 0.699 0.698 0.799
Vs 1.617 0.667 0.662 0.662 0.778
LF index 2.361 0.571 0.573 0.573 0.584

A≥1 A index 0.982 0.868 0.867 0.868 0.936
Vs 1.220 0.769 0.767 0.769 0.852

A≥2 A index 1.270 0.689 0.690 0.690 0.741
Vs 1.540 0.702 0.701 0.702 0.750

A=3 A index 1.366 0.667 0.704 0.704 0.763
Vs 1.643 0.667 0.667 0.667 0.753

 The diagnostic ability of F index was the best for each fibrosis stage. In Activity diagnosis, the diagnostic abi-
lity of A index is not inferior to Vs.
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 Ability of Cytokeratin-18 Fragments and 
FIB-4 Index to Diagnose Overall and Mild Fibrosis 
Nonalcoholic Steatohepatitis in Japanese 
Nonalcoholic Fatty Liver Disease Patients 
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dition, FIB-4 index (OR 1.907; 95% CI 1.063–3.419;  p  = 0.03) 
and CK-18F (OR 1.002; 95% CI 1.001–1.002;  p  < 0.001) could 
differentiate between NASH and NAFL, even when NASH pa-
tients with advanced fibrosis (F3–4) were excluded. AUROCs 
of FIB-4 index and CK-18F for the diagnosis of NASH with 
mild fibrosis (F0–2) from NAFLD were 0.70 and 0.70, respec-
tively.  Conclusions:  FIB-4 index and CK-18F have good diag-
nostic abilities not only for NASH overall, but also for NASH 
with mild fibrosis.  © 2017 S. Karger AG, Basel 

 Introduction 

 Nonalcoholic fatty liver disease (NAFLD) is one of the 
most common liver diseases in both Western and Asian 
countries  [1, 2] . In Japan, approximately 14% of screened 
patients reportedly have NAFLD  [3] . In addition, with the 
rising numbers of patients with obesity and diabetes mel-
litus, the incidence of NAFLD is steadily increasing.

  NAFLD is histologically further classified into nonal-
coholic fatty liver (NAFL) and nonalcoholic steatohepa-
titis (NASH)  [4] . NAFL is defined as the presence of 
hepatic steatosis with no evidence of hepatocellular in-
jury in the form of ballooning of hepatocytes. NASH is 

 Keywords 
 Cytokeratin-18 fragments · FIB-4 index · Nonalcoholic fatty 
liver · Nonalcoholic steatohepatitis · Mild fibrosis 

 Abstract 
  Background:  Several laboratory markers used in lieu of liver 
biopsy are reportedly useful in the diagnosis of nonalcohol-
ic steatohepatitis (NASH). In the present study, we investi-
gated the diagnostic impact of various non-invasive markers 
for predicting NASH.  Methods:  A total of 229 nonalcoholic 
fatty liver disease (NAFLD) patients who underwent liver bi-
opsy were enrolled for the study. The diagnostic ability of 
various markers to diagnose NASH from NAFLD was investi-
gated.  Results:  A total of 140 patients were histologically di-
agnosed with NASH. Of these, 104 had degree 0–2 fibrosis 
(F0–2), and 36 had degree 3–4 fibrosis (F3–4). Multiple logis-
tic regression analysis identified hyaluronic acid (HA) (OR 
1.014; 95% CI 1.002–1.026;  p  = 0.024), FIB-4 index (OR 2.097; 
95% CI 1.177–3.735;  p  = 0.012), and cytokeratin-18 frag-
ments (CK-18F) (OR 1.002; 95% CI 1.001–1.002;  p  < 0.001) as 
factors independently associated with the diagnosis of 
NASH. The areas under the receiver operating characteristic 
curves (AUROCs) of HA, FIB-4 index, and CK-18F for the diag-
nosis of NASH were 0.77, 0.76, and 0.72, respectively. In ad-
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defined as the presence of hepatic steatosis and inflam-
mation, with hepatocyte ballooning, and with or without 
fibrosis. NASH, but not NAFL, has a high risk of liver-
related disease, such as hepatic encephalopathy, rupture 
of esophageal and gastric varices, and hepatocellular 
carcinoma  [5, 6] . Once hepatocellular carcinoma is de-
tected by imaging  [7–9]  or tumor markers  [10, 11] , sev-
eral treatment interventions are applied, such as resec-
tion  [12] , ablation  [13–15] , transarterial therapy  [16–19]  
or systemic therapy  [20–22] . Therefore, it is important 
to differentiate NASH from more benign forms of 
NAFL.

  Liver biopsy is the gold standard for the definitive di-
agnosis of NASH, but it is associated with problems such 
as high cost, bleeding risk, and sampling error  [23] . 
Therefore, it is considered important to identify and val-
idate non-invasive markers for predicting NASH without 
liver biopsy.

  Several blood markers and various clinical prediction 
models, such as adiponectin, cytokeratin-18 (CK-18), 
and NAFLD fibrosis score (NFS), have been reported use-
ful for differentiating NASH from NAFL  [24–26] . How-
ever, there are few clinical reports comparing many such 
markers at the same time in a single group of patients.

  In this study, we clarified the ability of various markers 
to diagnose and distinguish between NASH and NAFL in 
patients with NAFLD. In addition, we investigated the 
ability of these markers in diagnosing NASH with mild 
fibrosis (F0–2) from NAFLD.

  Methods 

 Study Population 
 Between 1999 and 2013, 241 consecutive patients with NAFLD 

underwent liver biopsy for the diagnosis of NASH at Ogaki Mu-
nicipal Hospital. Twelve of these patients were excluded for the 
following reasons: (i) other causes of chronic liver disease (e.g., 
primary biliary cholangitis, autoimmune hepatitis),  n  = 7; (ii) sus-
pected drug-induced NASH,  n  = 1; and (iii) insufficient evaluation 
of NASH/NAFL classification on pathological findings,  n  = 4. Fi-
nally, we enrolled 229 NAFLD patients based on histopathological 
findings.

  Definitions of Hypertension, Diabetes Mellitus, and 
Dyslipidemia 
 Hypertension was defined as systolic blood pressure  ≥ 135 

mm Hg or diastolic blood pressure  ≥ 85 mm Hg after 5 min of 
rest, or use of any antihypertensive medication. Diabetes mel-
litus was diagnosed based on the criteria of the American Dia-
betes Association  [27] , as follows: (1) casual plasma glucose 
 ≥ 200 mg/dL, (2) fasting plasma glucose  ≥ 126 mg/dL, (3) 2-h 
post-glucose load  ≥ 200 mg/dL (oral glucose tolerance test), or 
(4) use of any antihyperglycemic medication. Dyslipidemia was 

defined as low-density lipoprotein cholesterol (LDL-C)  ≥ 140 
mg/dL, high-density lipoprotein cholesterol (HDL-C) <40 mg/
dL, triglycerides  ≥ 150 mg/dL, or treatment with lipid-lowering 
medication.

  Definitions of NAFLD 
 NAFLD was diagnosed according to the latest guidelines estab-

lished by the American Association for the Study of Liver Diseases 
 [28]  as follows: (1) fatty change of the liver is observed by imaging 
or histologically; (2) no marked alcohol drinking habit is present 
(ethanol intake of <210 g/week for men and <140 g/week for wom-
en); (3) no presence of other factors inducing fatty change of the 
liver; and (4) no chronic liver disease with clear etiology, such as 
viruses (hepatitis C virus, hepatitis B virus), primary biliary chol-
angitis, and autoimmune hepatitis.

  Histopathological Examination of the Liver and Definitions of 
NASH/NAFL 
 Percutaneous liver biopsy was performed with a 17-gauge 

needle under ultrasonographic guidance. The liver biopsy speci-
mens were immediately fixed in 10% formalin and embedded in 
paraffin. The specimens were evaluated by 2 experienced physi-
cians, a hepatologist (T.O.) and a pathologist (K.M), who special-
ize in NAFLD. Both were blinded to all clinical data. Patients 
were histologically classified as having NASH or NAFL based on 
the classification of Matteoni et al.  [29] , as follows: type 1, fatty 
liver alone; type 2, fat accumulation and lobular inflammation; 
type 3, fat accumulation and ballooning degeneration; type 4, fat 
accumulation, ballooning degeneration, and either Mallory-
Denk body or fibrosis. Types 1 and 2 were classified as NAFL, and 
types 3 and 4 were classified as NASH. Furthermore, NASH with 
mild fibrosis was defined by stage 0–2 fibrosis (F0–2), and NASH 
with severe fibrosis was defined by stage 3–4 fibrosis (F3–4) on 
the basis of the 5-grade scale proposed by Brunt et al.  [30] , as fol-
lows: stage 0, normal connective tissue; stage 1, pericellular or 
perivenular fibrosis in zone 3 (pericentral vein area); stage 2, zone 
3 perisinusoidal/pericellular fibrosis with focal or extensive peri-
portal fibrosis; stage 3, bridging or septal fibrosis; and stage 4, 
cirrhosis.

  Routine Laboratory Examination 
 Blood samples were obtained at the time of liver biopsy in a 

fasting state as well as during regular examinations, and blood 
counts and blood biochemistry tests were conducted using stan-
dard methods. All remaining sera were immediately frozen and 
kept at –80   °   C until use.

  Measurement of NASH-Related Biomarkers 
 Serum concentrations of NASH-related biomarkers that have 

demonstrated the ability to discriminate NASH from NAFLD 
were determined by immunoassays. Hyaluronic acid (HA) was 
measured using the latex agglutination method (Wako Pure 
Chemical Industries, Osaka, Japan). Total CK-18 and cytokera-
tin-18 fragments (CK-18F) were measured using an M65 ELISA 
Kit and M30 Apoptosense (PEVIVA AB, Bromma, Sweden), re-
spectively. Type IV collagen 7 s was measured using the latex ag-
glutination method (Sekisui, Tokyo, Japan). Adiponectin was 
measured using a Human Adiponectin ELISA kit (Circulex, Na-
gano, Japan). Human tissue inhibitor of metalloproteinase-1 (hT-
IMP-1) was measured with an hTIMP kit (Daiichi Fine Chemical, 
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Toyama, Japan) and matrix metallopeptidase 2 was measured us-
ing the matrix metallopeptidase 2 Activity Assay System (GE 
Healthcare, USA).

  Calculation of Complex Markers Related to NASH Diagnosis 
and Liver Fibrosis 
 Complex markers were calculated using the following formu-

lae: 
 i.  FIB-4 index = aspartate aminotransferase (AST) (IU/L) × age 

(years)/platelet count (10 9 /L) × alanine aminotransferase (ALT) 
(IU/L) 1/2   [31] .

 ii.  AST to platelet ratio index (APRI) = (AST [IU/L]/upper lim-
it of normal AST [IU/L]) × 100/platelet count (10 9 /L)  [32] .

 iii.  AST/ALT ratio (AAR) = AST (IU/L)/ALT (IU/L)
 iv.  NFS = –1.675 + 0.037 × age (years) + 0.094 × body mass in-

dex (kg/m 2 ) + 1.13 × impaired fasting glucose * /diabetes (yes = 1; 
no = 0) + 0.99 × AST/ALT ratio – 0.013 × platelet count (10 9 /L) – 
0.66 × albumin (g/dL).  * Impaired fasting glucose, fasting blood 
glucose  ≥ 110 mg/dL  [26] .

 v.  Forn’s index = 7.811 – 3.131 × ln (platelet count [10 9 /L]) + 
0.781 × ln (gamma-glutamyl transpeptidase, γ-GTP [IU/L]) + 
3.467 × in (age) – 0.014 × cholesterol (mg/dL)  [33] .

  Statistical Analysis 
 Statistical analyses were performed with EZR (Saitama medi-

cal Center, Jichi Medical University, Saitama, Japan), which is a 
graphical user interface for R (The R Foundation for Statistical 
Computing, Vienna, Austria)  [34] . Continuous variables were 
expressed as medians (interquartile range). Categorical variables 
were expressed as numbers (percentages). Continuous variables 
were compared using the Mann-Whitney U test, and categorical 
variables were compared using the chi-square test. Multiple lo-
gistic regression was used to estimate the ability to discriminate 
between NASH and NAFL with the following parameters: HA, 

type IV collagen 7s, total CK-18, CK-18F, branched chain amino 
acid/tyrosine molar ratio (BTR), AAR, APRI, FIB-4 index, Forn’s 
index, and NFS. The same parameters were also used to estimate 
the ability of discriminating NASH with mild fibrosis and 
NAFLD.

  The diagnostic performance of the scoring systems was as-
sessed using receiver operating characteristic (ROC) curve analy-
sis. The most commonly used index of accuracy is the area under 
the ROC curve (AUROC), with values close to 1.0 indicating high 
diagnostic accuracy. Sensitivity and specificity were calculated us-
ing maximum (sensitivity + specificity-1) as the cutoff level in the 
ROC curve analysis  [35] . Statistical significance was defined as  p  < 
0.05.

  The study protocol was in compliance with the Helsinki Dec-
laration and was approved by the institutional review board of 
Ogaki Municipal Hospital. All patients provided written informed 
consent for using their clinical data and the analyses of biopsy 
specimens and serum samples.

  Result 

 Patient Characteristics 
  Table 1  shows the patient characteristics. A total of 229 

patients who underwent liver biopsy were investigated. 
Histological diagnosis was NAFL in 89 patients and 
NASH in 140. Among NASH patients, 104 had stage 0–2 
fibrosis (F0–2), and 36 had stage 3–4 fibrosis (F3–4). The 
median age of NAFL patients was 46 years (34–58 years), 
and there was a predominance of males (65.2%). The me-
dian age of NASH patients was 56 years (45–64 years), 

Table 1.  Patient characteristics

NAFL (n = 89) NASH (n = 140) p value

Age, years 46 (34–58) 56 (45–64) <0.001
Gender, male/female, n (%) 58 (34.8)/

31 (65.2)
64 (45.7)/
76 (54.3)

0.004

BMI, kg/m2 25.9 (23.6–28.4) 27.1 (25.0–29.7) 0.023
Presence of diabetes mellitus, n (%) 39 (43.8) 65 (46.4) 0.786
Presence of dyslipidemia, n (%) 56 (62.9) 72 (51.4) 0.102
Presence of hypertension, n (%) 34 (38.2) 63 (45.0) 0.339
Matteoni classification, n (%) 1: 37 (41.6)

2: 52 (58.4)
3: 12 (8.6)

4: 128 (91.4)
Brunt classification staging
0/1/2/3/4, n (%)

10 (7.1)/
62 (44.3)/
32 (22.9)/
30 (21.4)/

6 (4.3)

 Continuous variables are expressed as medians (interquartile range). Categorical variables are expressed as 
numbers (percentages).

BMI, body mass index; NAFL, nonalcoholic fatty liver; NASH, nonalcoholic steatohepatitis.
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and there was a predominance of females (54.3%). There 
were significant differences between the NAFL and 
NASH groups in terms of age, gender, and body mass 
 index.

  Differentiation of NASH from NAFL 
 As shown in  Table 2 , the following factors were sig-

nificantly different between NAFL and NASH patients in 
the univariate analysis: hemoglobin, AST, ALT, cholines-
terase, LDL-C, ferritin, HA, type IV collagen 7s, total CK-
18, CK-18F, BTR, AAR, APRI, FIB-4 index, Forn’s index, 

and NFS. Multiple logistic regression analysis identified 
HA (OR 1.014; 95% CI 1.002–1.026;  p  = 0.024), FIB-4 in-
dex (OR 2.097; 95% CI 1.177–3.735;  p  = 0.012), and CK-
18F (OR 1.002; 95% CI 1.001–1.002;  p  < 0.001) as factors 
independently associated with the diagnosis of NASH. 
The AUROCs of HA, FIB-4 index, and CK-18F for the 
diagnosis of NASH were 0.77 (95% CI 0.71–0.83), 0.76 
(95% CI 0.69–0.82), and 0.72 (95% CI 0.65–0.78), respec-
tively ( Fig. 1 a–c). The cutoff value, sensitivity, and speci-
ficity of each parameter are presented in  Table 3 .  Figure 
1 d shows the ROC curve using the combination of HA, 

Table 2.  Differentiation of NASH from NAFL in univariate analysis

NAFL (n = 89) NASH (n = 140) p value

Platelet count, ×104/μL 24.0 (21.3–29.7) 23.5 (19.3–28.5) 0.140
Hemoglobin, g/dL 14.9 (13.7–16.1) 14.2 (13.4–15.1) 0.003
AST, IU/L 36.0 (24.1–53.0) 60.0 (42.8–91.5) <0.001
ALT, IU/L 70.0 (33.0–110.0) 85.0 (54.8–135.8) 0.012
γ-GTP, IU/L 60.0 (33.5–97.0) 64.0 (42.0–94.0) 0.186
Total bilirubin, mg/dL 0.60 (0.40–0.80) 0.70 (0.50–0.90) 0.076
Albumin, g/dL 4.5 (4.3–4.7) 4.4 (4.3–4.6) 0.145
Cholinesterase, IU/L 417.5 (356.3–491.3) 375.0 (325.0–446.0) 0.003
Glucose, mg/dL 107.1 (93.1–131.8) 108.7 (96.0–132.0) 0.354
Hemoglobin A1c, % 5.2 (4.8–6.2) 5.6 (5.0–6.1) 0.258
Total cholesterol, mg/dL 203.3 (179.1–227.5) 197.8 (176.4–225.4) 0.325
Triglycerides, mg/dL 152.6 (109.4–204.3) 140.0 (108.4–190.4) 0.455
LDL-C, mg/dL 109.5 (59.0–137.5) 94.5 (48.0–123.4) 0.035
HDL-C, mg/dL 47.7 (40.0–79.5) 54.7 (43.5–100.0) 0.081
Phospholipid, mg/dL 213.0 (188.0–237.0) 214.5 (194.9–232.9) 0.636
Insulin, μU/mL 11.8 (7.3–19.2) 12.6 (7.9–22.6) 0.405
Ferritin, ng/mL 138.0 (82.5–237.3) 195.5 (101.7–349.2) 0.006
Adiponectin, μg/mL 4.9 (3.9–6.9) 5.9 (4.3–7.8) 0.055
HA, ng/mL 23.7 (13.1–38.1) 59.6 (27.8–69.1) <0.001
Type IV collagen 7s, ng/mL 3.4 (3.0–3.9) 4.1 (3.5–5.3) <0.001
Total CK-18, U/L 604.8 (401.6– 961.0) 1,145.6 (628.4–1,742.6) <0.001
CK-18F, U/L 275.6 (188.1–442.4) 591.1 (323.7–1,114.7) <0.001
hTIMP-1, ng/mL 213.6 (155.3–266.7) 214.3 (164.0–286.2) 0.681
hMMP-2, ng/mL 335.5 (202.0–383.9) 340.1 (184.5–432.2) 0.477
Zn, μg/dL 79 (71.0–91.0) 80 (71.5–88.0) 0.936
BTR 7.0 (6.3–8.0) 6.47 (5.5–7.4) <0.001
AAR 0.55 (0.45–0.73) 0.72 (0.54–0.95) <0.001
APRI 0.35 (0.26–0.58) 0.68 (0.43–1.17) <0.001
FIB-4 index 0.78 (0.55–1.20) 1.61 (0.91–2.63) <0.001
Forn’s index 4.08 (2.68–5.01) 5.17 (3.75–6.21) <0.001
NFS –2.83 (–4.0 to –1.65) –2.04 (–3.28 to –0.54) <0.001

 Continuous variables are expressed as medians (interquartile range).
NASH, nonalcoholic steatohepatitis; NAFL, nonalcoholic fatty liver; AST, aspartate aminotransferase; ALT, 

alanine aminotransferase; γ-GTP, gamma-glutamyl transpeptidase; LDL-C, low-density lipoprotein cholesterol; 
HDL-C, high-density lipoprotein cholesterol; CK-18, cytokeratin-18; CK18-F, cytokeratin-18 fragment; hT-
IMP-1, human tissue inhibitor of metalloproteinase-1; hMMP-2, human matrix metallopeptidase 2; BTR, bran-
ched chain amino acid/tyrosine molar ratio; AAR, aspartate aminotransferase/alanine aminotransferase ratio; 
APRI, aspartate aminotransferase/platelet ratio index; NFS, NAFLD fibrosis score.
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FIB-4 index, and CK-18F. The AUROC of this combina-
tion for the diagnosis of NASH was 0.84 (95% CI 0.78–
0.88).

  Differentiation of NASH with Mild Fibrosis from 
NAFL 
 We then investigated the ability of these markers to 

diagnose NASH with mild fibrosis from NAFLD. As 

shown in  Table 4 , the following factors differed signifi-
cantly between patients with NAFL and NASH with mild 
fibrosis in the univariate analysis: hemoglobin, AST, 
ALT, total bilirubin, HDL-C, ferritin, HA, type IV colla-
gen 7s, total CK-18, CK-18F, BTR, AAR, APRI, FIB-4 in-
dex, and Forn’s index. Multiple logistic regression analy-
sis identified FIB-4 index (OR 1.907; 95% CI 1.063–3.419; 
 p  = 0.030) and CK-18F (OR 1.002; 95% CI 1.001–1.002; 
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  Fig. 1.  ROC curves of HA, FIB-4 index, and CK-18F for diagnosing 
NASH. The AUROCs of HA ( a ), FIB-4 index ( b ), and CK-18F ( c ) 
for diagnosing NASH were 0.77 (95% CI 0.71–0.83), 0.76 (95% CI 
0.69–0.82), and 0.72 (95% CI 0.65–0.78), respectively. The  AUROC 
of the combination of HA, FIB-4 index, and CK-18F for the diag-

nosis of NASH was 0.84 (95% CI 0.78–0.88;  d ). ROC, receiver op-
erating characteristic; HA, hyaluronic acid; CK-18F, cytokera-
tin-18 fragment; NASH, nonalcoholic steatohepatitis; AUROC, 
area under the receiver operating characteristic curve. 
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Table 3.  Diagnostic performance of HA, FIB-4 index, and CK-18F for the diagnosis of definitive NASH

Parameter Cutoff value Sensitivity, % Specificity, % AUROC (95% CI)

HA, ng/mL 45.1 62 84 0.77 (0.71–0.83)
FIB-4 index 1.56 51 89 0.76 (0.69–0.82)
CK-18F, U/L 408 67 73 0.72 (0.65–0.78)

 HA, hyaluronic acid; CK18-F, cytokeratin-18 fragment; NASH, nonalcoholic steatohepatitis; AUROC, area 
under the receiver operating characteristic curve.

Table 4.  Differentiation of NASH with mild fibrosis from NAFL in univariate analysis

NAFL (n = 89) NASH (F0–2) (n = 104) p value

Platelet count, ×104/μL 24.0 (21.3–29.7) 24.3 (20.9–28.7) 0.909
Hemoglobin, g/dL 14.9 (13.7–16.1) 14.4 (13.5–15.1) 0.041
AST, IU/L 36.0 (24.0–53.0) 55.0 (41.8–81.3) <0.001
ALT, IU/L 70.0 (33.6–110) 90.5 (56.8–158.5) 0.005
γ-GTP, IU/L 60.0 (33.5–97.0) 62.0 (39.0–90.0) 0.653
Total bilirubin, mg/dL 0.60 (0.40–0.80) 0.70 (0.50–0.90) 0.047
Albumin, g/dL 4.5 (4.3–4.7) 4.5 (4.3–4.7) 0.744
Cholinesterase, IU/L 417.5 (356.3–491.3) 391.0 (337.0–449.0) 0.084
Glucose, mg/dL 107.1 (93.1–131.8) 105.0 (94.8–122.3) 0.749
Hemoglobin A1c, % 5.2 (4.8–6.2) 5.4 (5.0–6.1) 0.447
Total cholesterol, mg/dL 203.3 (179.1–227.5) 205.7 (185.9–227.0) 0.816
Triglycerides, mg/dL 152.6 (109.4–204.2) 148.0 (106.7–191.4) 0.455
LDL-C, mg/dL 109.5 (59.0–137.5) 94.8 (48.3–132.8) 0.108
HDL-C, mg/dL 47.7 (40.0–79.5) 55.3 (44.1–102.3) 0.047
Phospholipid, mg/dL 213.0 (188.0–237.0) 215.7 (195.0–233.7) 0.542
Insulin, μU/mL 11.8 (7.3–19.2) 10.9 (7.7–20.2) 0.726
Ferritin, ng/mL 138.0 (82.5–237.7) 193.2 (93.5–345.7) 0.043
Adiponectin, μg/mL 4.9 (3.9–6.9) 5.5 (4.0–7.4) 0.541
HA, ng/mL 23.7 (13.1–38.1) 45.5 (23.9–74.1) <0.001
Type IV collagen 7s, ng/mL 3.4 (3.0–3.9) 4.0 (3.4–4.5) <0.001
Total CK-18, U/L 604.8 (401.6–960.9) 1,145.6 (553.7–1,724.0) <0.001
CK-18F, U/L 275.6 (188.1–442.4) 589.7 (311.0–1,086.6) <0.001
hTIMP-1, ng/mL 213.6 (155.3–266.7) 202.2 (151.1–280.8) 0.681
hMMP-2, ng/mL 335.5 (202.0–383.9) 296.3 (178.4–405.6) 0.49
Zn, μg/dL 79 (71.0–91.0) 82 (73.0–89.0) 0.499
BTR 7.0 (6.3–8.0) 6.7 (5.6–7.6) 0.029
AAR 0.55 (0.45–0.73) 0.65 (0.52–0.84) 0.006
APRI 0.35 (0.26–0.58) 0.58 (0.36–1.01) <0.001
FIB-4 index 0.78 (0.55–1.20) 1.25 (0.84–1.98) <0.001
Forn’s index 4.08 (2.68–5.01) 4.66 (3.54–5.57) 0.017
NFS –2.83 (–4.01 to –1.65) –2.38 (–3.48 to –1.45) 0.065

 Continuous variables are expressed as medians (interquartile range).
NASH, nonalcoholic steatohepatitis; NAFL, nonalcoholic fatty liver; AST, aspartate aminotransferase; ALT, 

alanine aminotransferase; γ-GTP, gamma-glutamyl transpeptidase; LDL-C, low-density lipoprotein cholesterol; 
HDL-C, high-density lipoprotein cholesterol; CK-18, cytokeratin-18; CK18-F, cytokeratin-18 fragment;  hTIMP-1, 
human tissue inhibitor of metalloproteinase-1; hMMP-2, human matrix metallopeptidase 2; BTR, branched 
chain amino acid/tyrosine molar ratio; AAR, aspartate aminotransferase/alanine aminotransferase ratio; APRI, 
aspartate aminotransferase/platelet ratio index; NFS, NAFLD fibrosis score.
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 p  < 0.001) as factors independently associated with the 
diagnosis of NASH with mild fibrosis. The AUROCs of 
FIB-4 index and CK-18F for the diagnosis of NASH with 
mild fibrosis from NAFLD were 0.70 (95% CI 0.63–0.77) 
and 0.70 (95% CI 0.63–0.77), respectively ( Fig. 2 a, b). The 
cutoff value, sensitivity, and specificity of each factor are 
presented in  Table 5 .  Figure 2 c shows the ROC curve us-
ing the combination of FIB-4 index and CK-18F. The 
AUROC of this combination for the diagnosis of NASH 
with mild fibrosis was 0.77 (95% CI 0.70–0.83).

  Discussion 

 In the present study, we demonstrated that HA, FIB-4 
index, and CK-18F had good diagnostic ability for NASH. 
Based on ROC analysis, the respective diagnostic abilities 
of HA, FIB-4 index, and CK-18F were 0.77, 0.76, and 0.72. 
These 3 parameters were independently selected as being 
diagnostic of NASH by multiple logistic regression analy-
sis using numerous covariates. The AUROC of the com-
bination of these 3 parameters for diagnosing NASH was 
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  Fig. 2.  ROC curves of FIB-4 index and CK-18F for diagnosing 
NASH with mild fibrosis. The AUROCs of FIB-4 index ( a ) and 
CK-18F ( b ) for diagnosing NASH with mild fibrosis were 0.70 
(95% CI 0.63–0.77) and 0.70 (95% CI 0.63–0.77), respectively. The 
AUROC of the combination of FIB-4 index and CK-18F for the 

diagnosis of NASH with mild fibrosis was 0.77 (95% CI 0.70–0.83) 
( c ). ROC, receiver operating characteristic; CK-18F, cytokera-
tin-18 fragment; NASH, nonalcoholic steatohepatitis; AUROC, 
area under the receiver operating characteristic curve. 
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over 0.8. In addition, FIB-4 index and CK-18F had good 
ability to diagnose NASH with mild fibrosis in the entire 
NAFLD patient population. The AUROC of the combi-
nation of these 2 parameters for the diagnosis of NASH 
with mild fibrosis was approximately 0.8.

  The usefulness of several non-invasive markers for 
diagnosing NASH, such as serum biomarkers, scoring 
systems, and imaging methods, has been shown in pre-
vious reports  [36] . However, it is currently unclear 
which among the various markers are most useful for 
diagnosing NASH in clinical practice. Hence, in this 
study we tried to comprehensively compare these non-
invasive, NASH-related markers at the same time in a 
single group of patients. We investigated many param-
eters, such as platelet count, hemoglobin, AST, ALT, 
γ-GTP, total bilirubin, albumin, cholinesterase, glucose, 
hemoglobin A1c, total cholesterol, triglycerides, LDL-C, 
HDL-C, phospholipid, insulin, ferritin, BTR, and Zn in 
routine laboratory examination. In addition, we also 
evaluated adiponectin, HA, type IV collagen 7s, total 
CK-18, CK-18F, hTIMP-1, and MMP-2 as NASH-relat-
ed biomarkers, and AAR, APRI, FIB-4 index, Forn’s in-
dex, and NFS as complex markers. Several studies have 
shown that the NASH-related biomarkers and complex 
markers listed above are capable of diagnosing NASH 
 [24–26, 33, 37–43] . However, in this study there were no 
significant differences in platelet count, γ-GTP, total bil-
irubin, albumin, glucose, hemoglobin A1c, total choles-
terol, triglyceride, HDL-C, phospholipid, insulin, adi-
ponectin, hTIMP-1, MMP-2, or Zn in the univariate 
analysis.

  Our results identified CK-18F and FIB-4 index as use-
ful markers for diagnosing not only NASH overall, but 
also NASH with mild fibrosis. Hepatocyte apoptosis is 
considered to be one of the etiologies of NASH  [44] . CK-
18F is regarded as a marker of apoptosis, and is produced 
by CK-18 being broken down by caspase3 during the 
apoptotic process  [45] . Several studies have demonstrat-
ed the utility of CK-18F as a diagnostic marker for NASH 

 [45] . In a recent meta-analysis  [46]  of 838 patients in 10 
studies, the AUROC for CK-18F in the identification of 
NASH was 0.845, with 77% sensitivity and 71% specific-
ity. Disadvantages of using CK-18F are that they are not 
routinely measured in daily practice in Japan and there is 
no established cutoff value for identifying steatohepatitis. 
In a recent 2014 study of 424 patients, Cusi   et al.  [47]  .  re-
ported that CK-18 had limitations in identifying NASH. 
However, our study demonstrated that CK-18F was use-
ful in distinguishing NAFL from NASH.

  FIB-4 index, a non-invasive complex marker, is used 
to assess hepatic fibrosis that is calculated based on age 
and 3 standard biochemical values (platelet count, ALT, 
and AST). A recent meta-analysis evaluating the use of 
FIB-4 index described a pooled sensitivity of 84% and 
specificity of 69% for diagnosing NAFLD-related ad-
vanced fibrosis  [43] . However, there have been no previ-
ous reports on the usefulness of clinical parameters in-
cluding FIB-4 index for the diagnosis of NASH with mild 
fibrosis. In general, patients with NASH have a poorer 
prognosis than the general population. Death secondary 
to NASH results from cardiovascular events, malignancy, 
and liver diseases, in that order  [48] . For these reasons, 
NASH is a disease requiring routine follow-up and com-
prehensive medical intervention. Various treatments for 
NASH have been developed, but as of now only weight 
loss  [49] , vitamin E  [50] , and pioglitazone  [51]  are con-
sidered as established therapies. Identification and treat-
ment of NASH, particularly at an early stage, may lead to 
a decrease in its mortality rate.

  This study has several limitations, including a retro-
spective single-center design, small patient population, 
and patient selection bias. In addition, we did not evaluate 
the patatin-like phospholipase domain-containing 3 gene 
that has been implicated in NASH differentiation  [52] . 
Further prospective studies with larger numbers of 
NAFLD patients are warranted, including those investi-
gating the role of the patatin-like phospholipase domain–
containing 3 gene.

Table 5.  Diagnostic performance of FIB-4 index and CK-18F for the diagnosis of definitive NASH with mild fi-
brosis

Parameter Cutoff value Sensitivity, % Specificity, % AUROC (95% CI)

FIB-4 index 0.854 57 75 0.70 (0.63–0.77)
CK-18F, U/L 407.8 67 73 0.70 (0.63–0.77)

 CK18-F, cytokeratin-18 fragment; NASH, nonalcoholic steatohepatitis; AUROC, area under the receiver op-
erating characteristic curve.
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  Several laboratory markers are useful in diagnosing 
NASH in patients with NAFLD. In this study, FIB-4 index 
and CK-18F demonstrated the ability to diagnose NASH, 
and also the form of the disease with mild fibrosis. Fur-
ther validation studies using FIB-4 index and CK-18F are 
needed in the future. In addition, it is necessary to con-
sider whether these markers are related to the prognosis 
NASH patients.
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Although these 2 SNPs, rs8099917 and rs12979860, have es-
tablished their significant roles in the innate immunity re-
sponse to spontaneously clear HCV in patients with AHC, the 
detailed mechanisms of their roles remain largely unknown. 
 Aim:  This study is aimed at clarifying the factors affecting 
IFNL3 production and assessing the roles of IFNL3 in AHC. 
 Materials and Methods:  A total of 21 AHC patients who vis-
ited the hospital within 10 days after symptom onset were 
assessed. As controls, 23 healthy volunteers (HVs) were ex-
amined. Serum IFNL3 levels were quantified using an in-
house, IFNL3-specific chemiluminescence enzyme immuno-
assay (CLEIA) kit. Serum IFNL1, IFN-α, IFN-β, and IFN-γ in-
duced protein-10 (IP-10) levels were assayed using 
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commercial enzyme-linked immunosorbent assay (ELISA) 
kits.  Results:  At baseline, serum IFNL3 levels were higher in 
AHC patients than in HVs ( p  < 0.0001). The higher levels in 
AHC patients did not differ between patients with the 
rs8099917 TT genotype and those with the non-TT (TG/GG) 
genotype ( p  = 0.546). Serial measurement of serum IFNL3 
levels did not predict the outcome of conventional AHC. 
However, serum IFNL3 levels at baseline correlated positive-
ly with the HCV RNA levels ( p  = 0.005). Following HCV eradi-
cation, serum IFNL3 levels reduced to within the range ob-
tained for HVs. Baseline serum IFNL1 levels did not differ sig-
nificantly between AHC patients and HVs ( p  = 0.284). Serum 
levels of IFNL1 and IFNL3 at baseline also showed no cor-
relative power ( p  = 0.288). Serum IFN-α and IFN-β were de-
tected together with remarkably high serum IFNL3 levels in 
only one patient who progressed to acute liver failure (ALF). 
 Conclusion:  These findings indicate that serum IFNL3 levels 
at baseline are higher in AHC patients regardless of the 
rs8099917 polymorphism, and primary HCV infection trig-
gers the production of IFNL3. As a first line of defense in the 
innate immune system against invading HCV, increased 
IFNL3 levels play an important role, but serum IFNL3 levels 
are not the principal determinant of the clinical course of 
conventional AHC.  © 2017 S. Karger AG, Basel 

 Introduction 

 Chronic hepatitis C virus (HCV) infection is a major 
global health burden. In Japan, approximately 2 million 
people are chronically infected with HCV  [1] , however, 
new occurrences of primary HCV infection are now rare 
and there are various estimated routes of HCV transmis-
sion. HCV infection is one of the major risks of hepato-
carcinogenesis. When hepatocellular carcinoma is de-
tected by imaging  [2–5]  or tumor markers  [6, 7] , several 
treatment interventions are applied, such as resection  [8, 
9] , ablation  [2, 10] , transarterial chemoembolization  [11, 
12] , hepatic arterial infusion chemotherapy  [13, 14]  or 
systemic therapy  [15–17] .

  Following HCV infection, spontaneous viral clearance 
occurs in 25% of individuals  [18] . Acute HCV infection 
is usually asymptomatic, with only a minority of patients 
presenting with symptoms. Clinical evidence indicates 
that patients with icteric acute hepatitis C (AHC) have a 
particularly high chance of clearing the virus spontane-
ously  [19, 20] .

   Recently, several large genome-wide association stud-
ies demonstrated that 2 single nucleotide polymorphisms 

(SNPs), upstream of the interferon-λ (IFNL) 3 gene, are 
associated with spontaneous clearance of HCV in AHC 
 [21, 22] . However, these 2 SNPs (rs8099917 and 
rs12979860) are located some distance from the IFNL3 
gene itself  [23] , therefore, it has remained unclear wheth-
er patients with acute HCV infection and the favorable 
genotype produce larger amounts of IFNL3 (formerly 
known as IL28B) compared with those having the unfa-
vorable genotype.

   For a long time, commercial enzyme-linked immuno-
sorbent assay (ELISA) kits could not distinguish IFNL2 
and IFNL3 in the serum due to their considerable amino 
acid sequence homology  [24, 25] . To assess the influence 
of the 2 SNPs on IFNL3 production, we measured serum 
IFNL3 levels in patients with primary HCV infection us-
ing a newly developed, IFNL3-specific, in-house chemi-
luminescence enzyme immunoassay (CLEIA) kit  [26] .

  Based on the enhanced data obtained, we studied the 
factors affecting serum IFNL3 levels and assessed the roles 
of this cytokine in patients with acute HCV infection.

  Patients and Methods 

 Study Subjects 
 This study enrolled 21 Japanese patients with clinical AHC 

who visited the hospital within 10 days after symptom onset. Ac-
cording to the criteria proposed by Grebely et al.  [22] , AHC was 
defined as serum alanine aminotransferase (ALT) levels over 400 
U/L, and HCV RNA positivity with anti-HCV antibody negativ-
ity or anti-HCV antibody positivity at a low cutoff index (<10), 
on the day of the initial visit. All patients were negative for hep-
atitis B virus and human immunodeficiency virus and had no 
other liver diseases from infective, toxic, or autoimmune causes.

  Patients with HCV clearance were identified by 6 successive 
undetectable serum HCV RNA tests, 4 weeks apart ( n  = 3). Pro-
gression from AHC to chronic hepatitis C (CHC) was defined as 
detectable serum HCV RNA for up to 6 months after the initial 
visit ( n  = 8). The remaining patients were administered IFN-based 
therapies within 3 months after the first visit ( n  = 10). Serum sam-
ples were collected from the patients at the first medical examina-
tion and, as a rule, every 4 weeks thereafter, and stored at –80   °   C 
until testing.

  As controls, serum samples were obtained from 23 healthy 
 Japanese adult subjects without HCV, hepatitis B virus or human 
immunodeficiency virus infection  [27] .

  Study Design 
 This was a multicenter, prospective cohort study of serum 

IFNL3 levels in patients with recent primary HCV infection. The 
study protocol conformed to the ethical guidelines of the 1975 
Declaration of Helsinki and was approved by the institutional Eth-
ics Committee of the Kobe Asahi Hospital (no.12–1) and by the 
Ethics Committee of each institute. Written informed consent was 
obtained from all patients.

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
16

3.
51

.1
65

.5
 - 

11
/2

0/
20

18
 6

:0
0:

56
 A

M

－589－



 Serum IFN-λ3 in Acute Hepatitis C Dig Dis 2017;35:531–540
DOI: 10.1159/000480143

533

  SNP Genotyping 
 The SNP rs8099917 was determined by TaqMan polymerase 

chain reaction (PCR) using the ABI TaqMan allelic discrimination 
kit (7900HT Fast Real-Time PCR System; Applied Biosystems, 
Carlsbad, CA, USA). The SNPs, rs12979860 and rs368234815, 
were genotyped using the previously described assay  [28] .

  Measurement of Serum IFNL1, IFNL3, IFN-α, IFN-β, and 
IP-10 Levels 
 IFNL1 levels were determined with the human IFNL1 ELISA 

Ready-Set Go (NatuTec, Frankfurt, Germany). This assay was val-
idated in the range between 8.0 and 100 pg/mL. IFNL3 levels were 
evaluated by the newly developed CLEIA system  [26] . This system 
enables quantification of IFNL3, specifically with no cross-detec-
tion of IFNL2 in the range from 0.1 to 1,000 pg/mL  [27] . The hu-
man IFN-α All Subtype ELISA (detection range 1.95–125 pg/mL) 
and human IFN-β ELISA kits (detection range 1.2–150 pg/mL) 
were purchased from PBL (Piscataway, NJ, USA). For the mea-
surement of IP-10 levels, an ELISA kit (BD OptEIA Set Human 
IP-10, detection range 7.8–500 pg/mL: Becton Dickinson Biosci-
ences, San Diego, CA, USA) was used.

  Determination of HCV Genotypes and Viral Load 
 HCV genotypes were determined by PCR according to the previ-

ously described method  [29] . Serum HCV RNA levels were mea-
sured using the Roche COBAS TaqMan HCV Autoassay V2.0, with 
a detection limit of 15 IU/mL (Roche Diagnostics KK, Tokyo, Japan).

  Statistical Analyses 
 Differences between 2 groups were assessed by the Mann-

Whitney U test. Continuous variables were compared using the 
Wilcoxon signed-rank test. Correlations of serum IFNL3 levels 
with serum total bilirubin (T-Bil), ALT, HCV RNA, IFNL1, and 
IP-10 levels were evaluated by Spearman’s rank correlation coef-
ficient. A  p  value below 0.05 was considered significant. All the 
analyses were performed using Ekuseru-Tokei 2015 (Social Survey 
Research Information Co., Ltd.).

  Results 

 Patient Baseline Characteristics 
 The characteristics of the AHC patients are shown in 

 Table 1 . The mean age was 56.0 ± 21.6 years. The HCV 
genotype distribution was as follows: GT 1b,  n  = 15; GT 
2a,  n  = 5; GT 2b,  n  = 1. Various routes of HCV infection 
were estimated. Perfect linkage disequilibrium existed 
among the 3 SNPs: rs8099917, rs12979860, and 
rs368234815.

  Serum IFNL3 Levels were Higher in Patients with 
AHC than in Healthy Volunteers 
 We compared serum IFNL3 levels between the AHC 

and healthy volunteer (HV) groups (mean ± SD: 1.4 ± 0.9 
pg/mL). IFNL3 levels in the AHC group were significant-
ly higher than those in the HV group ( Fig. 1 ). The only 

case of ALF  [30]  without hepatic coma had the highest 
serum IFNL3 level (77.1 pg/mL) at baseline among those 
in the AHC group. This patient also had a high HCV RNA 
level (7.4 log IU/mL) at baseline. Later, this patient’s se-
rum IFNL3 level further increased to its peak value (291.5 
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  Fig. 1.  Serum IFNL3 levels in AHC patients ( n  = 21) were com-
pared with those in HVs ( n  = 23) by the Mann-Whitney U test. All 
samples were collected from patients at their initial visit. 

Table 1.  Patient baseline characteristics

Factor Values

Number 21 (9 male, 12 female)
Age, years 56.0±21.6
Estimated routes of HCV

transmission (iatrogenic/sexual
contact/tattoo/unknown) 6/3/3/9

HCV genotype (1b/2a/2b) 15/5/1
SNP rs8099917 (TT:non-TT) 18:3
SNP rs12979860 (CC:non-CC) 18:3
SNP rs368234815

(TT/TT:non-TT/TT) 18:3
T-Bil, mg/dL 5.8±5.1
ALT, U/L 1,325.0±814.7
IFNL1, pg/mL 134.5±250.4
IFNL3, pg/mL 13.9±16.7
IP-10, pg/mL 3,337.2±1,724.3
HCV RNA, KIU/mL 5,165.8±8,181.1

 Data are presented as mean ± SD.
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pg/mL) accompanied by an increase in the serum HCV 
RNA level (8.1 log IU/mL), immediately before cortico-
steroid therapy ( Table 2 ).

  Additionally, we compared serum IFNL1 levels be-
tween AHC patients and HVs ( n  = 23, mean ± SD: 110.3 ± 
255.4 pg/mL) and detected no significant difference be-
tween the 2 groups ( p  = 0.284;  Fig. 2 ).

  Serum IFNL3 Levels did not Vary with the SNP 
rs8099917 Genotype, but Correlated with Serum HCV 
RNA Levels in Patients with AHC 
 We compared serum IFNL3 levels between AHC pa-

tients with the rs8099917 TT genotype and those with the 
non-TT genotype. No significant difference was detected 
between the 2 genotypes ( Fig. 3 ).

  Next, we examined whether serum IFNL3 levels 
correlated with some clinical parameters and immu-
nologic parameters in the AHC group. Serum IFNL3 
levels were positively correlated solely with the serum 
HCV RNA levels ( p  = 0.005). Baseline serum IFNL1 
and IFNL3 levels also showed no correlative power 
( Table 3 ).

  Changes in the Serum IFNL3 Levels Cannot Predict 
the Clinical Course of Conventional AHC 
 In 2 patients who recovered spontaneously from AHC, 

along with the clearance of HCV, the serum IFNL3 levels 

decreased to the range of the HV group, and persisted in 
this range thereafter. The changes in serum IFNL3 levels, 
however, were not predictive of spontaneous HCV erad-
ication. Both of these patients had the TT genotype of 
rs8099917 SNP ( Table 4 ).

Table 2.  Serial measurement of serum clinical and immunologic parameters in a patient with AHC who progressed to ALF and cleared 
HCV after completing corticosteroid therapy

 Case A (F, 53 years)

Day IFNL1 IFNL3 IFN-α/β T-Bil ALT HCV RNA PT-INR

Initial visit 291.0 77.1 */4.3 3.2 3,132 7.4 1.32
Day 4** 572.0 291.5 15.2/15.1 5.8 2,552 8.1 1.44
Day 8 174.0 34.0 */* 8.8 997 8.0 1.58
Day 10 473.0 267.7 */* 11.0 849 8.4 1.33
Day 14 210.0 97.5 */* 15.7 852 8.1 0.98
Day 17 243.0 153.6 */* 16.4 802 8.3 0.87
Day 25 151.0 75.5 */* 22.4 358 7.8 0.85
Day 60 7.5 3.1 */* 2.5 71 4.1 n.d.
Day 74 19.3 2.3 */* 1.4 64 1.7 n.d.
Day 88 27.5 15.0 3.8/6.3 0.9 16 3.7 n.d.
Day 106 77.0 2.0 */* 0.6 34 * n.d.

** Measurement of various parameters at day 4 was performed immediately before steroid pulse therapy.
Intravenous and oral corticosteroid administrations were performed from day 4 to day 25, including steroid pulse therapy (methylpredni-

solone 1,000 mg/day from day 4 to day 6) and steroid mini-pulse therapy (methylprednisolone 500 mg/day from day 7 to day 8).
This patient had the rs8099917 TT genotype.
F, female; PT-INR, prothrombin time-international normalized ratio; *, not detected; n.d., not done; IFNL1, IFNL3, IFN-α, and IFN-β, pg/

mL; HCV RNA, log IU/mL.
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  Fig. 2.  Serum IFNL1 levels in AHC patients ( n  = 21) were com-
pared with those in HVs ( n  = 23) by the Mann-Whitney U test. All 
samples were collected from patients at their initial visit. 
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  Among the 8 patients who progressed to CHC, serum 
IFNL3 levels were compared at baseline and 6 months 
later. In 2 cases, the serum IFNL3 levels decreased to 
within the range of the HV group, together with the de-
cline in the serum HCV RNA levels. In 6 cases, the serum 
IFNL3 levels did not differ greatly between baseline and 
6 months after their first medical examination ( Fig. 4 ).

  Finally, serum IFNL1 levels also failed to predict the 
clinical course of conventional AHC ( Table 4 ;  Fig. 5 ).

  IFN-α and IFN-β Were Detected in Only One Patient 
Who Progressed to ALF 
 We also quantified IFN-α and IFN-β in HVs ( n  = 23) 

and all of the AHC patients ( n  = 21) at the initial exami-
nation.

  Neither cytokine was detected in the HV group or in 
20 of the AHC patients. However, IFN-β was detected in 
one AHC patient who progressed to ALF.

  Moreover, we periodically measured IFN-α and IFN-β 
for up to 6 months after the initial visit in the 8 patients 
who progressed to CHC. In the 2 patients who spontane-
ously cleared HCV, periodic measurements of the 2 cyto-
kines were performed for up to 6 months after HCV RNA 
disappearance. We did not detect IFN-α and IFN-β in any 
of these patients. 

 In the one case who progressed to ALF, IFN-α and 
IFN-β were detected on day 4 after the initial examina-
tion. However, 2 cytokines rapidly became undetectable 
after corticosteroid therapy was initiated. Additionally, 
serum IFNL3 levels were temporarily decreased soon af-
ter the corticosteroid therapy was initiated, however, in 
accordance with the increase in the HCV RNA levels, it 
rapidly increased again. After the completion of the cor-
ticosteroid therapy, serum IFNL3 levels decreased, but, 
interestingly, ahead of HCV clearance, transiently in-
creased again together with the reappearance of IFN-α 
and IFN-β ( Table 2 ).

  Discussion 

 Recent genome-wide association studies identified 
that 2 SNPs, rs8099917 and rs12979860 (favorable allele 
TT and CC, respectively), upstream of the IFNL3 gene, 
are involved in the efficacy of IFN-based treatment in pa-
tients with CHC  [31–33] .

  Subsequent studies demonstrated that the same 2 
SNPs are strongly associated with the spontaneous clear-
ance of acute HCV infection  [21, 22] .

  However, the mechanistic link between these 2 SNPs 
and IFNL3 production is unknown. Because IFNL2 and 
IFNL3 share 97.5% amino acid identity  [24, 25] , specific 
detection of each IFNL has been difficult. Finally, Sugi-
yama et al.  [26]  constructed a highly IFNL3-specific as-
say system having little or no cross-reactivity with 
IFNL2.

  Using this CLEIA kit, Aoki et al.  [27]  quantified the 
serum IFNL3 levels in patients with CHC for the first 
time. Although serum IFNL3 levels were higher in CHC 
patients than in HVs, the levels did not differ between 
patients with the rs8099917 TT genotype and those with 
the non-TT genotype, and were unrelated to the response 
to IFN-based therapy. In CHC patients, serum IFNL3 lev-
els positively correlated with inflammatory and fibrosis 
markers.
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  Fig. 3.  Serum IFNL3 levels at baseline in the AHC group were com-
pared between patients with the IFNL3 rs8099917 TT genotype 
( n  = 18) and those with the non-TT genotype ( n  = 3) by the Mann-
Whitney U test. 

Table 3.  Correlation of serum IFNL3 levels with clinical or 
 immunologic parameters at baseline in patients with AHC (n = 21)

Factor CC with IFNL3 p value

T-Bil, mg/dL 0.015 0.949
ALT, U/L 0.211 0.358
IFNL1, pg/mL 0.243 0.288
IP-10, pg/mL 0.116 0.618
HCV RNA, KIU/mL 0.586 0.005

 CC, Spearman’s rank correlation coefficient.
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  In our study, although serum LFNL3 levels at baseline 
were also higher in AHC patients than in HVs, the levels 
did not differ between the rs8099917 genotypes. Serial 
measurement of serum IFNL3 levels did not correlate 
with the outcome of conventional AHC. In AHC patients, 

however, serum IFNL3 levels at baseline correlated posi-
tively only with the serum HCV RNA levels. Moreover, 
in patients who recovered from AHC, in terms of HCV 
clearance, serum IFNL3 levels decreased to, and persisted 
within, the range of HVs.

Table 4.  Serial measurement of serum clinical and immunologic parameters in patients who resolved spontaneously from acute HCV 
infection

 Da y IFNL1 IFNL3 T-Bil ALT HCV RNA

Case B (F, 64 years)
Initial visit 55.5 3.1 10.4 1,359 5.2
Day 18 125 0.7 1.2 56 1.6
Day 33 145 15.9 0.9 145 5.4
Day 54 143 0.9 0.4 12 2.5
Day 82 100 0.8 0.4 10 *
Case C (M, 61 years)
Initial visit 5.4 13.5 15.3 1,814 6.9
Day 24 12.6 0.8 13.4 55 2.3
Day 31 7.5 0.8 8.3 64 <1.2
Day 46 * 1.6 3.1 148 2.7
Day 81 0.1 0.8 1.2 18 *

 Serum IFN-α and IFN-β were not detected in any day in these 2 patients.
These 2 patients had the rs8099917 TT genotype.
M, male; F, female; *, not detected; HCV RNA, log IU/mL.
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  Fig. 4.  Serial serum IFNL3 levels in patients who progressed from 
acute to chronic HCV infection ( n  = 8). The value of  p  was deter-
mined by the Wilcoxon signed-rank test. 
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  Fig. 5.  Serial serum IFNL1 levels in patients who progressed from 
acute to chronic HCV infection ( n  = 8). The value of  p  was deter-
mined by the Wilcoxon signed-rank test. 
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  Hepatocytes  [34] , myeloid dendritic cells type 2 
(mDCs2; BDCA3+DCs)  [35] , and plasmacytoid DCs 
(pDCs)  [35]  are capable of producing IFNL3 in response 
to HCV.

  Yoshio et al.  [35]  used the IFNL3-specific CLEIA kit in 
co-culture experiments with the same number of mDCs2 
from healthy Japanese donors with the rs8099917 TT 
genotype or non-TT genotype and the same amount of 
cell-cultured HCV, and reported that IFNL3 levels pro-
duced from mDCs2 were significantly higher in subjects 
with the rs8099917 TT genotype than in those with the 
non-TT genotype.

  A more recently identified SNP, rs368234815, is lo-
cated in exon 1 of the IFNL4 gene, and its favorable allele, 
TT/TT, is more highly associated with HCV clearance 
than the 2 previously reported SNPs  [28, 36] . IFNL4 pro-
tein can be produced by individuals who carry the ΔG 
allele of the rs368234815 variant, but not by individuals 
who are homozygous for the TT allele because this allele 
has a frame shift insertion that ablates IFNL4 production. 
Several explanations for why the loss of IFNL4 confers an 
improved clinical outcome have been proposed, but the 
reason remains unclear. In Caucasians and Asians, ex-
cept for individuals of African ancestry, high linkage dis-
equilibrium has been observed: between rs12979860 and 
rs368234815 in the former [36], and among rs8099917, 
rs12979860, and rs368234815 in the latter [37]. There-
fore, it is estimated that the existence of the IFNL4 
rs368234815 favorable genotype (i.e., the genotype par-
ticipating in the loss of IFNL4 creation) has a causal role 
in the clinical course of HCV clearance  [38, 39] .

  Interestingly, Bibert et al.  [36] , using a real-time PCR 
system, demonstrated that induction of IFNL3 mRNA re-
lies on the rs368234815 favorable TT/TT genotype, but 
not the rs12979860 favorable CC genotype, in peripheral 
blood mononuclear cells obtained from Caucasian pa-
tients with CHC and HVs and stimulated with the ds 
RNA analogue poly (I:C).

  The SNP rs8099917 is located 8.9 kb upstream of the 
promoter region of the IFNL3 gene itself, and hence outside 
of the IFNL4 gene  [23] . Due to its location, it is less likely 
that this genetic variant has any effect on the transcription-
al level of IFNL3  [27] . Incidentally, the SNP rs12979860 is 
located within intron 1 of the IFNL4 gene  [23] .

  Since it is not possible to set experimental conditions 
carried out by Yoshio et al.  [35]  or Bibert et al.  [36]  in the 
living body, it is difficult to verify these results.

  Although several clinical studies of the SNPs, rs8099917 
and rs12979860, have established their antiviral innate 
immunity-exerting roles in spontaneous HCV clearance 

in AHC patients, the detailed mechanisms remain largely 
unknown, even after measurement of serum IFNL3 levels 
specifically.

  Especially noteworthy are our findings that serum 
IFNL3 levels statistically correlate exclusively with HCV 
RNA levels in patients with AHC and decrease to the 
range of HVs after spontaneous HCV clearance. The 
 IFNLs receptor is expressed by human hepatocytes, the 
primary cellular targets of HCV  [40] . Therefore, our data 
indicate that primary HCV infection triggers the produc-
tion of IFNL3.

  The major source for the production of serum IFNL3 
may be hepatocytes in patients with conventional AHC. 
In HCV exposure-experiments using primary human he-
patocytes  [34, 41, 42] , HCV robustly stimulated IFNLs 
production at the protein level, but no induction of IFN-α 
was observed and no induction or only minimal induc-
tion of IFN-β was observed. In addition, other IFNL3-
producing cells, that is, human mDCs2  [35]  and pDCs 
 [35]  cultured with HCV released small amounts of IFN-α 
and IFN-β in the human mDCs2 and large amounts of 
these cytokines in pDCs. Moreover, our clinical investi-
gation revealed that IFN-α and IFN-β were not detected 
in any patients except one who progressed to ALF.

  These results suggest that hepatic IFNLs could be a 
principal driver of IFN-stimulated genes (ISGs) induc-
tion in primary HCV infection  [42] . Among the IFNL 
subtypes, IFNL3 has the most potent bioactivity  (followed 
by IFNL1 and IFNL2)  [43] . Hence, the role of IFNL3 to 
induce ISGs as a first line of defense is extremely impor-
tant in the innate immune response against invading 
HCV  [44] . Accordingly, IFNL3 dampens HCV replica-
tion and protects against HCV spreading effectively.

  In the one and only patient who progressed to ALF, 
IFN-α and IFN-β were detected together with remarkably 
high serum IFNL3 levels. Such phenomena are interpreted 
as double safeguard mechanisms of the host to protect 
against fatal HCV infection and may serve as important 
markers to predict progression to ALF. In addition, after 
corticosteroid therapy, in accordance with the mild in-
crease in HCV RNA level, serum IFNL3 level transiently 
increased again, and IFN-α and IFN-β were also detected 
preceding successful HCV eradication. We speculated that 
IFNL3, IFN-α, and IFN-β cooperated to strongly inhibit 
HCV replication because type I and III IFNs differ greatly 
in their levels of ISG induction with a clearly detectable hi-
erarchy (IFN-β >IFN-α >IFNL3 >IFNL1 >IFNL2), and 
stimulation with either IFN-β or IFNLs results in a similar 
long-lasting ISG induction whereas IFN-α causes transient 
ISG induction  [43] .
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  The dynamics of IFNL1 are similar to those of 
IFNL3 in supernatants from colon cancer cells cul-
tured with nucleotide analogues (adefovir or tenofo-
vir), but these associations are not found in IFNL1 lev-
els in serum samples from patients undergoing treat-
ment with nucleotide analogues. Serum samples are 
inappropriate to the measurement of IFNL1 levels for 
unknown reasons  [45] . Therefore, based on these ex-
perimental findings and our clinical data indicating 
that serum IFN1 and IFNL3 levels do not correlate in 
patients with AHC, we cannot discuss serum IFNL1 
levels at this time.

  There is only one previously published report regard-
ing serum IFNL1, IFNL2, and IFNL3 levels in AHC pa-
tients. Langhans et al.  [46]  investigated 19 patients with 
AHC and reported that serum IFNL1 levels were always 
higher for up to 6 months after the initial visit in patients 
with spontaneous resolution of acute HCV infection 
compared with those who progressed to CHC. Although 
we quantified serum IFNL1 levels using the same kit, our 
findings differed. The previous study is limited by the 
measurement of IFNL2 and IFNL3 together, without dif-
ferentiation. We used the newly developed IFNL3-specif-
ic CLEIA kit and found no relationship between serum 
IFNL3 levels and the clinical course of acute HCV 
 infection.

  Our data indicate that endogenous IFNLs alone are 
insufficient to resolve primary HCV infection. As men-
tioned in the “Introduction”, clinical evidence indicates 
that AHC patients with jaundice have a higher chance of 
spontaneous HCV clearance. Therefore, it may be that 
not only the existence or initiation of another innate im-
mune system in addition to the rs8099917 favorable gen-
otype, but also the activation of the adaptive immune sys-
tem, is indispensable for successful HCV clearance. The 
roles of dendritic cells that harmonize the innate and 
adaptive immune system by stimulating natural killer 
cells and activating CD4 +  and CD8 +  T cells are also im-
portant, although further studies are required to evaluate 
the functions of dendritic cells in acute HCV infection 
 [47] .

  Aoki et al.  [27]  also quantified serum IFNL3 levels in 
patients with acute hepatitis A ( n  = 34), acute hepatitis 
B ( n  = 2), and acute hepatitis E ( n  = 9), as well as in CHC 
patients. All samples were collected from patients whose 
ALT levels were 2 times higher than the upper limit of 
the normal range. Only in the acute hepatitis E group 
were the IFNL3 levels significantly higher than in the 
HV group ( p  < 0.0001). Hepatitis A virus (HAV) and 
hepatitis E virus (HEV) are hepatotropic RNA viruses 

transmissible by the enterofecal route (HCV is also a 
hepatotropic RNA virus, but it is a blood-borne virus). 
Although further studies are needed, Aoki et al.  [27]  hy-
pothesized that the differences in serum IFNL3 levels 
were due to distinct mechanisms of recognition of HAV 
and HEV by the host. In Japan, autochthonous HEV 
strains of genotypes 3 and 4 are circulating, and the lat-
ter, which is especially indigenous to the Hokkaido re-
gion, is significantly associated with ALF [48]. It has 
been reported that serum HEV RNA levels in patients 
infected with genotype 4 HEV are higher than those in-
fected with genotype 3 HEV  [49] . In addition, the high 
replication activity of genotype 4 HEV was reproduced 
in a cell culture system using the HE-JF5/15F strain of 
this genotype recovered from a patient with fulminant 
hepatitis (i.e., ALF with hepatic coma) [50]. Based on 
these reports, we speculate that increased levels of serum 
HEV RNA are produced in patients with ALF in Japan. 
Gut epithelial cells also have the ability to produce IF-
NLs in response to enteric viruses  [39] . HEV principally 
replicates in the liver and is shed into the intestinal lu-
mina via the bile duct. Therefore, high serum IFNL3 lev-
els may be released by gut epithelial cells in response to 
the large amount of HEV in ALF patients mainly infect-
ed with genotype 4 HEV. The high mean serum IFNL3 
levels in the acute hepatitis E group may be due to the 
frequent presence of ALF.

  Conclusion 

 Serum IFNL3 levels at baseline were increased in pa-
tients with acute HCV infection regardless of the 
rs8099917 polymorphism. Serum IFNL3 levels were as-
sociated only with the serum HCV RNA levels. The major 
source for the production of serum IFNL3 may be hepa-
tocytes in patients with conventional AHC. As a first line 
of defense in the innate immune system against invading 
HCV, increased levels of serum IFNL3 play an important 
role, but they are not the principal determinant of the out-
come of conventional AHC.
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end of treatment (EOT) was significantly higher in the Sofos-
buvir plus RBV group, it was significantly lower in the peg-
IFN plus RBV group. Although a significant decline in fibrosis 
markers such as FIB-4 and APRI was observed between the 
baseline and at EOT in the Sofosbuvir plus RBV group, no sig-
nificant change of these markers was observed in the peg-
IFN plus RBV group. Moreover, BMP-7 and CTGF were sig-
nificantly lower at EOT than the baseline in the Sofosbuvir 
plus RBV group.  Key Message:  The treatment with Sofosbu-
vir plus RBV results in not only a higher SVR, but also im-
proves the liver function and the degree of fibrosis. 

 © 2017 S. Karger AG, Basel 

 Introduction 

 When hepatocellular carcinoma (HCC)  [1, 2]  is diag-
nosed by imaging or tumor markers, treatment interven-
tions are applied, such as resection  [3–5],  ablation  [6–8],  
transplantation  [9] , transarterial chemoembolization, 
transarterial infusion chemotherapy  [10, 11]  or systemic 
therapies  [12–14] . Hepatitis C virus (HCV) infection is a 
common cause of chronic hepatitis and hepatocarcino-
genesis worldwide  [15, 16] . 

 Keywords 
 Chronic hepatitis C genotype 2 · Sofosbuvir plus ribavirin · 
Liver function · Fibrosis marker · Hepatocellular carcinoma 
marker 

 Abstract 
  Background:  Sofosbuvir plus ribavirin (RBV) therapy showed 
higher sustained virological response at 12 weeks after treat-
ment (SVR12) than pegylated interferon (peg-IFN) plus RBV; 
however, liver function, fibrosis, and hepatocellular carcino-
ma markers have not been assessed so far.  Summary:  Pa-
tients ( n  = 21) receiving Sofosbuvir plus RBV and those ( n  = 
24) receiving peg-IFN plus RBV were enrolled in this study. 
Changes in alanine aminotransferase (ALT) and α-fetoprotein 
(AFP) levels, platelet (PLT) counts, FIB-4, and aspartate ami-
notransferase-to-platelet ratio index (APRI) in both groups 
were assessed in patients achieving SVR12. Also, fibrosis re-
gression was assessed using pathophysiological biomarkers, 
such as hyaluronic acid, bone morphogenetic protein 7 
(BMP-7), and connective tissue growth factor (CTGF) in the 
Sofosbuvir plus RBV group. In both groups, while the reduc-
tion in ALT levels was significant that of AFP was not. Com-
pared with the baseline, although serum PLT count at the 
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  In recent years, treatment of HCV has changed drasti-
cally with the development and administration of direct-
acting antivirals (DAA) in clinical practice.

  DAA therapy with Sofosbuvir (Gilead Sciences), the 
oral nucleotide analog inhibitor of HCV-specific non-
structural protein (NS)5B polymerase, plus ribavirin 
(RBV) for patients infected with HCV genotype 2 has 
demonstrated a higher rate of sustained virological re-
sponse at 12 weeks after treatment (SVR12) and greater 
safety than treatment with pegylated interferon (peg-
IFN) and RBV  [17–22] .

  The prevention of HCC and regression of liver fibrosis 
have been the main topic of study and discussion in the 
community of liver experts for decades. The eradication 
of HCV by treatment with IFN has been shown to prevent 
HCC  [23–27] . Moreover, sustained responders have 
shown fibrosis stabilization or fibrosis regression by 
treatment with IFN  [28–30] .

  Nonetheless, prevention of HCC and regression of fi-
brosis with Sofosbuvir plus RBV treatment for patients 
with chronic hepatitis C (CHC) genotype 2 remains to be 
clarified.

  After IFN treatment, alanine aminotransferase (ALT) 
and α-fetoprotein (AFP) levels  [31]  are significantly asso-
ciated with hepatocarcinogenesis; thus, measuring their 
levels is useful in predicting the future HCC risk  [32] .

  Liver biopsy is the gold standard for assessing liver fi-
brosis, but serial liver biopsies are challenging due to their 
invasiveness and high rate of complications. Numerous 
fibrosis markers have been classified into 2 categories 
 [33] . One used in assessing liver fibrosis is a common 
chemical test mostly for estimating the degree of fibrosis. 
  FIB-4 and the aspartate aminotransferase-to-platelet ratio 
index (APRI) in this category have been demonstrated to 
be accurate in staging chronic liver diseases before antiviral 
treatment and in the prediction of hepatic fibrosis in HCV 
patients  [34–36] . Fibrosis biomarkers classified in another 
category, such as hyaluronic acid, bone morphogenetic 
protein 7 (BMP-7), and connective tissue growth factor 
(CTGF), are used to assess liver fibrosis pathophysiologi-
cally, and have been reported to increase in patients with 
chronic liver disease, liver damage, and cirrhosis. The ele-
vation in these serum levels may express progression of 
liver fibrogenesis  [37–41] . To date, no study has been made 
on the use of pathophysiological fibrosis biomarkers for 
assessing liver fibrosis regression following DAA therapy.

  The aim of the present study was to evaluate the impact 
of Sofosbuvir plus RBV treatment, as compared with that 
of peg-IFN plus RBV treatment, on changes in liver func-
tion, fibrosis markers, and HCC marker with the use of 

ALT, FIB-4 and APRI, AFP, respectively. Additionally, 
fibrosis regression was assessed using pathophysiological 
biomarkers, such as hyaluronic acid, BMP-7, CTGF, in 
the Sofosbuvir plus RBV group.

  Patients and Methods 

 All patients were seen at Kobe Asahi Hospital and diagnosed 
with CHC genotype 2 infection.

  Twenty-one patients (12 men and 9 women, mean 59.8 ± 13.3 
years of age,  Table 1 ) were administered Sofosbuvir 400 mg/day 
per os and RBV twice daily per os (600 mg/day for body weight 
(BW)  ≤ 60 kg, 800 mg/day for BW >60  ∼   ≤ 80 kg or 1,000 mg/day 
for BW >80 kg) for 12 weeks. Patients with Child-Pugh A liver cir-
rhosis and those with previous treatment with IFN were included 
in the present study.

  Twenty-four patients (16 men and 8 women, mean 49.1 ± 13.0 
years of age,  Table 1 ) were administered peg-IFN α-2b (1.5 μg/kg 
BW) subcutaneously once a week and RBV twice daily per os (600 
mg/day for BW  ≤ 60 kg, 800 mg/day for BW > 60  ∼   ≤ 80 kg or 1,000 
mg/day for BW >80 kg) for 24 weeks, from 2008 to 2014. The pa-
tients received >80% of the scheduled dosage; those with liver cir-
rhosis were excluded from the study.

  Included in the study were patients demonstrating hemoglobin 
levels of  ≥ 11 g/dL (women) or  ≥ 12 g/dL (men), platelet (PLT) 
count  ≥ 9 × 10 4 /mm 3 , HCV RNA  ≥ 4.0 log IU/mL, neutrophil count 
 ≥ 1,500/mm 3 , and thyroid stimulating hormone levels within nor-
mal limits. Those demonstrating human immunodeficiency virus 
or hepatitis B coinfection, creatinine clearance <50 mL/min, liver 
disease other than CHC, evidence of advanced liver disease such 
as liver cirrhosis (Child-Pugh B and C) under Sofosbuvir plus RBV 
treatment, preexisting psychiatric conditions, or a history of severe 
psychiatric disorder were excluded.

  Laboratory Tests and Calculated Scores 
 HCV RNA levels and genotypes were examined through the 

COBAS TaqMan HCV test, with a lower limit of quantification of 
1.2 log IU/mL.

Table 1.  Patient baseline characteristics

Sofosbuvir plus 
RBV (n = 21)

Peg-IFN plus 
RBV (n = 24)

p value

Age, years 59.76±13.33 49.08±13.04 0.020
Gender, men/women 12/9 16/8 0.511
AST, IU/L 45.35±26.69 47.71±50.72 0.839
ALT, IU/L 47.56±26.78 67.25±91.62 0.949
AFP, ng/mL 7.00±5.91 8.58±20.4 0.232
PLT, ×104/mm3 16.84±4.70 20.16±6.64 0.118
FIB-4 3.04±2.71 1.76±1.35 0.044
APRI 0.93±0.89 0.77±0.93 0.122
HCV RNA, logIU/mL 6.29±0.75 6.24±0.79 0.794

Data are shown as means ± SD.
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  Serum BMP-7 levels were assayed using a solid-phase, enzyme-
linked immunosorbent assay kit Quantikine ELISA kit (Quanti-
kine ®  ELISA, R&D Systems, Inc., MN, USA, Cat. No, DBP700) 
based on the sandwich principle, according to the manufacturer’s 
instructions. Serum CTGF levels were assayed using a solid-phase 
enzyme-linked immunosorbent assay kit (OmniKine ®  ELISA, 
LifeSpan BioScience, Inc., USA, Cat. No, OK-0109) based on the 
sandwich principle, according to the manufacturer’s instructions.

  APRI and FIB-4 scores were calculated as surrogate markers of 
liver fibrosis as follows:

  APRI = (asparate aminotransferase (AST) [IU/L]/upper limit 
of normal)/PLT count (expressed as platelets × 10 9 /L) × 100.

  FIB-4 score = age (years) × AST[IU/L]/(PLT count (×10 9  /L) × 
 √ ALT [IU/L])

  The APRI score was calculated using Wai’s formula  [42] , and 
the FIB-4 score was calculated using Sterling’s formula  [43] .

  Efficacy Assessment 
 Rapid virological response (RVR), end-of-treatment response 

(ETR), and SVR12 were defined as undetectable serum HCV RNA 
at 4 weeks, at the end of treatment (EOT), and 12 weeks after the 
EOT, respectively. The primary endpoint in this study was at 12 
weeks after the EOT. The baseline serum levels of ALT, AFP, PLT 
count, FIB-4, and APRI were compared with those at EOT and at 
12 weeks after the EOT in patients of both groups who achieved 
SVR12. The baseline levels of hyaluronic acid, BMP-7, and CTGF 
were compared with those at EOT in patients of the Sofosbuvir 
plus RBV group.

  Statistical Analysis 
 The Mann-Whitney U test and the  χ  2  test were used to compare 

the baseline data of the Sofosbuvir plus RBV group with those of 
the peg-IFN plus RBV group. Fisher’s exact test was used to com-
pare the rate of SVR12 in the Sofosbuvir plus RBV group with that 
in the peg-IFN plus RBV group. The Wilcoxon signed-rank test 
was used to compare the baseline data, comprising the serum lev-
els of ALT, AFP, the PLT count, the FIB-4, and APRI scores with 
those at EOT and at SVR12, and to compare the baseline data of 
hyaluronic acid, BMP-7, and CTGF with those at EOT. Variables 
with a  p  value < 0.05 were considered statistically significant. All 
statistical analyses were carried out using Excel Statistics 2011 by 
SSRI.

  Results 

 Treatment Efficacy 
 In the Sofosbuvir plus RBV group, all patients achieved 

ETR and SVR12; only one patient did not achieve RVR 
( Fig.  1 ). On the contrary, RVR, ETR, and SVR12 were 
achieved in 41.7% (10/24), 95.8% (23/24), and 75.0% 
(18/24) of the peg-IFN plus RBV group ( Fig. 1 ).

  A significant difference in RVR and SVR12 was ob-
served between the Sofosbuvir plus RBV and peg-IFN plus 
RBV groups (RVR:  p  < 0.001, SVR12:  p  = 0.023,  Fig. 1 ).

  Assessment of Liver Function 
 In the Sofosbuvir plus RBV group, the serum ALT lev-

el at EOT (20.67 IU/L;  p  = 0.001) and at SVR12 (20.00 
IU/L;  p  < 0.001) was significantly lower than the baseline 
(47.56 IU/L,  Table 2 ). Similarly, in the peg-IFN plus RBV 
group, a significant reduction in the serum ALT level was 
observed (baseline: 45.36 IU/L, EOT: 20.29 IU/L;  p  = 
0.002; SVR12: 13.21 IU/L;  p  = 0.001,  Table 2 ).

  Assessment of AFP as HCC Tumor Marker 
 No significant reduction in serum AFP value was ob-

served in either the Sofosbuvir plus RBV group (baseline: 
7.00 ng/mL, EOT: 6.00 ng/mL;  p  = 0.094; SVR12: 4.81 ng/
mL;  p  = 0.074,  Table 2 ) or the peg-IFN plus RBV group 
(baseline: 4.55 ng/mL, EOT: 3.36 ng/mL;  p  = 0.075; 
SVR12: 3.21 ng/mL;  p  = 0.124,  Table 2 ).

  Assessment of Liver Fibrosis 
 In the Sofosbuvir plus RBV group, the serum PLT 

count was significantly higher at EOT (19.14 × 10 4 /mm 3 ; 
 p  = 0.026) than the baseline (16.84 × 10 4 /mm 3 ). In the 
peg-IFN plus RBV group, on the contrary, it was signifi-
cantly lower (15.95 × 10 4 /mm 3 ;  p  = 0.003) than the base-
line (20.74 × 10 4 /mm 3 ). No significant difference was ob-
served between baseline and SVR12 values in either the 
Sofosbuvir plus RBV group (18.03 × 10 4 /mm 3 ;  p  = 0.199) 

  Fig. 1.  Virological response to treatment with Sofosbuvir plus RBV 
and peg-IFN plus RBV. All patients treated with Sofosbuvir plus 
RBV achieved ETR (100%) and SVR12 (100%); only one patient did 
not achieve RVR (95.2%). RVR, ETR, and SVR12, respectively, were 
achieved in 41.7% (10/24), 95.8% (23/24), and 75.0% (18/24) of pa-
tients in the peg-IFN plus RBV group. A significant difference was 
observed in RVR and SVR12 between the 2 groups (RVR: p < 0.001; 
SVR12: p = 0.023). RBV, ribavirin; peg-IFN, pegylated interferon; 
RVR, rapid virological response; ETR, end-of-treatment response; 
SVR12, sustained virological response at 12 weeks after treatment. 
* p < 0.05. 
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or the peg-IFN plus RBV group (20.06 × 10 4 /mm 3 ;  p  = 
0.594) ( Table 2 ).

   In the Sofosbuvir plus RBV group, a significant de-
cline was observed in FIB-4 and APRI scores: baseline 
(FIB-4: 3.04, APRI: 0.93), at EOT (FIB-4: 2.17;  p  = 0.006, 
APRI: 0.41;  p  < 0.001), at SVR12 (FIB-4: 2.39;  p  = 0.002, 
APRI: 0.45;  p  = 0.001,  Table 2 ). In the peg-IFN plus RBV 
group, a significant reduction was observed between the 
baseline APRI score (0.57) and at SVR12 (0.29;  p  = 0.041, 
 Table 2 ). In the Sofosbuvir plus RBV group, serum hyal-
uronic acid at EOT (223.75 ng/mL) was lower than the 
baseline (323.40 ng/mL), with no significant difference 
( p  = 0.60, data not shown). Also, the serum BMP-7 level 

at EOT (2.49 pg/mL) was lower than the baseline (5.62 pg/
mL;  p  = 0.012,  Fig. 2 a), and a significant decline was ob-
served in the baseline serum CTGF level (98.51 ng/mL) 
and at EOT (72.59 ng/mL;  p  < 0.001,  Fig. 2 b).

  Discussion 

 In phase 3 clinical trials, Sofosbuvir plus RBV treat-
ment for patients infected with HCV genotype 2 showed 
SVR12 in 97% of treatment-naive patients, in 93% of pa-
tients ineligible to receive interferon, and in 86–90% of 
previously treated patients  [20–23] . In the present study, 

Table 2.  Comparison of baseline, end of therapy, and SVR12 data in the Sofosbuvir plus RBV group (n = 21) and peg-IFN plus RBV (n = 
18) group

Treatment group Baseline At the end of  treatment
(12 weeks or 24 weeks)

p value Achieved
SVR12 

p value

ALT, IU/L Sofosbuvir/RBV 47.56±26.78 20.67±12.64 0.001 20.00±14.60 <0.001
Peg-IFN/RBV 45.36±40.23 20.29±24.29 0.002 13.21±5.09 0.001

AFP, ng/mL Sofosbuvir/RBV 7.00±5.91 6.00±3.65 0.094 4.81±2.81 0.074 
Peg-IFN/RBV 4.55±3.64 3.36±2.23 0.075 3.21±1.98 0.124

PLT, ×104/mm3 Sofosbuvir/RBV 16.84±4.70 19.14±6.16 0.026 18.03±5.65 0.199 
Peg-IFN/RBV 20.74±6.04 15.95±5.70 0.003 20.06±5.81 0.594

FIB-4 Sofosbuvir/RBV 3.04±2.71 2.17±1.44 0.006 2.39±1.72 0.002
Peg-IFN/RBV 1.51±1.34 2.07±1.57 0.141 1.52±0.85 0.470

APRI Sofosbuvir/RBV 0.93±0.89 0.41±0.28 <0.001 0.45±0.30 0.001
Peg-IFN/RBV 0.57±0.60 0.52±0.64 0.438 0.29±0.14 0.041

Data are shown as means ± SD.
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  Fig. 2.  Comparison of serum BMP-7 and CTGF levels between the 
baseline and at the end of therapy in the Sofosbuvir plus RBV 
group.  a  The serum BMP-7 level at the end of treatment (2.49 pg/
mL) was lower than the baseline (5.62 pg/mL;  p  = 0.012).  b  The 

serum CTGF level at the end of treatment (72.59 ng/mL) was low-
er than the baseline (98.51 ng/mL;  p  < 0.001). BMP-7, bone mor-
phogenetic protein 7; CTGF, connective tissue growth factor; 
RBV, ribavirin. * p < 0.05. 
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all patients treated with Sofosbuvir plus RBV achieved 
SVR12, at a significantly higher rate than that in patients 
treated with peg-IFN plus RBV. The liver function also 
improved because of HCV elimination.

  Although prevention of HCC after the eradication of 
HCV has a direct effect on the prognosis of patients in-
fected with HCV, HCC sometimes develops even after 
such eradication. ALT and AFP are factors significantly 
associated with the development of HCC, and a decrease 
in their values is associated with a reduction in HCC risk 
 [32] . The cutoff values of ALT and AFP for the prediction 
of HCC risk have been determined at 40 IU/L and 6.0 ng/
mL, respectively  [32] . A decrease in these values after IFN 
treatment might reduce HCC risk even in patients with-
out HCV eradication  [32] . In the present study, although 
ALT levels at SVR12 were significantly lower than the 
baseline, no significant decline in AFP value was observed 
in either group. Nonetheless, the baseline serum level of 
AFP >6.0 ng/mL decreased to less than 6.0 ng/mL in the 
Sofosbuvir plus RBV group, suggesting that treatment 
with Sofosbuvir plus RBV may prevent occurrence of 
HCC, as does the treatment with peg-IFN plus RBV.

  Preventing the development of liver cirrhosis and ame-
liorating liver fibrosis is the main objective of treating 
CHC. Although liver biopsy is the gold standard for assess-
ing the regression of liver fibrosis after DAA treatment, 
serial liver biopsies, for monitoring dynamic changes in 
liver fibrosis after the achievement of SVR, pose difficulty 
because of the invasiveness of the procedure and the high-
er rate of complications. Therefore, such assessment is 
gradually being replaced by non-invasive methods cur-
rently used in clinical practice  [44] . In the present study, 
after treatment, the regression of liver fibrosis was assessed 
in both groups with the use of fibrosis markers such as PLT, 
FIB-4, and APRI, that have been demonstrated to be accu-
rate predictors of hepatic fibrosis in HCV patients  [34–36] . 
Several studies have demonstrated a significant decline in 
liver fibrosis, as determined by FIB-4 and APRI scores in 
treatment with Sofosbuvir-based regimens  [45, 46] . In the 
present study also, a significant reduction in FIB-4 and 
APRI scores was observed in the Sofosbuvir plus RBV 
group; moreover, in evaluating the stages of fibrosis, the 
PLT count was higher at EOT than the baseline. In the peg-
IFN plus RBV group, however, the PLT count at EOT was 
lower than the baseline, presumably due to side effects; 
also, compared with the baseline, no significant difference 
was observed in the FIB-4 score at EOT and at SVR12, the 
reason being partly due to the exclusion of patients with 
liver cirrhosis. The baseline FIB-4 score was significantly 
lower in this group than in the Sofosbuvir plus RBV group.

  Additionally, fibrosis regression was assessed using 
pathophysiological biomarkers, after treatment with So-
fosbuvir plus RBV. These biomarkers are pathophysio-
logically derived from extracellular matrix turnover and/
or from changes in fibrogenic cell types, in particular he-
patic stellate cells and myofibroblasts  [47] ; among these, 
hyaluronic acid is considered the best biomarker  [37] . In 
the present study, the decline in hyaluronic acid was ob-
served in the Sofosbuvir plus RBV group, but without 
significant change. Transforming growth factor beta 
(TGF-β) is a non-invasive biomarker of fibrogenesis 
 [48] ; however, it is functionally and immunologically dif-
ficult to detect it in blood due to its binding to latent 
TGF-β-binding proteins  [49, 50] , alpha 2-macroglobulin 
 [51],  and other ligands. Thus, the measurement of serum 
TGF-β levels is difficult. In the present study, we investi-
gated the correlation of BMP-7 and CTGF with TGF-β 
 [47, 52] . BMP-7, a member of the TGF-β superfamily, 
plays a key role in liver organogenesis and development 
 [53, 54] ; it has anti-apoptotic, anti-inflammatory, and 
proliferation-stimulating effects  [55, 56] , its serum level 
has been higher in patients with chronic liver disease 
than in healthy controls  [38, 39] , and its levels in patients 
with fibrosis of grades 1, 2, 3, and 4 have been higher than 
in controls  [38] . On the contrary, CTGF is a biomarker 
of fibrogenesis which reflects TGF-β activity  [47]  and is 
recognized as an important mediator in fibrogenic path-
ways as deduced from emerging results of liver fibrosis. 
It is used to assess the severity of fibrotic remodeling pro-
cesses  [55] . Its level in serum is reported to be already 
high in fibrosis stage F1 and suitable for determining he-
patic fibrosis, and it is most powerful in patients with 
chronic HCV infection  [41] . In the present study, includ-
ing patients with compensated cirrhosis, treated with So-
fosbuvir plus RBV demonstrated a significant decline in 
levels of serum BMP-7 and CTGF. We assume that these 
results, indicating decline of TGF-β, show clinical im-
provement in hepatic fibrosis in the Sofosbuvir plus RBV 
group. Although BMP-7 is suppressed by CTGF  [57] , 
both serum BMP-7 and CTGF levels declined after treat-
ment, in our study. It is suspected that the decline in 
CTGF and TGF-β directly induces the decrease in BMP-
7. This is the first study that assesses the improvement of 
hepatic fibrosis, in CHC genotype 2 patients treated with 
DAA, with the use of pathophysiological biomarkers, 
such as BMP-7 and CTGF. Improvement of hepatic fi-
brosis in patients with liver cirrhosis could not be as-
sessed because of the small number of patients. There-
fore, a large-scale and longer follow-up study is needed 
to verify our conclusions.
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  In conclusion, the treatment with Sofosbuvir plus RBV 
resulted in not only higher SVR, but also improved liver 
function, and it ameliorated the degree of fibrosis.
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tor. The presence or absence of liver fibrosis progression was 
not identified as a risk factor.  Conclusions:  In patients with a 
serum ALB level <4.0 g/dL before IFN therapy, hepatic carci-
nogenesis after SVR achievement need to be considered. 
Furthermore, the serum ALB level may be more useful than 
the degree of fibrosis for the prediction of HCC after SVR in 
chronic hepatitis C.  © 2017 S. Karger AG, Basel 

 Introduction 

 In Japan, the number of hepatitis virus C (HCV)-
infected patients is estimated to be approximately 1.5 
million. Persistent liver infection with HCV causes 
chronic hepatitis, liver cirrhosis, and hepatocellular 
carcinoma (HCC)  [1, 2] . In Japan, the annual num-
ber  of patients who die of HCC is approximately 
30,000, with 70% of HCC originating from chronic 
hepatitis with HCV infection  [1, 2] . Thus, eradication 

 Keywords 
 Interferon · Carcinogenesis · Sustained virological 
responses · Serum albumin level 

 Abstract 
  Objective:  It is a generally accepted fact that eradication of 
hepatitis virus C inhibits the subsequent development of he-
patocellular carcinoma (HCC). On the contrary, a significant 
population of patients developed HCC despite sustained vi-
rological responses (SVRs) to interferon (IFN) therapy.  Meth-
ods:  A total of 415 patients with chronic hepatitis C, who 
were treated at our hospital between 2004 and 2014, were 
enrolled for this study. We examined the risk factors for HCC 
development after IFN therapy.  Results:  After analyzing var-
ious clinical parameters, it was concluded that a serum albu-
min (ALB) level <4.0 g/dL and the presence or absence of SVR 
achievement were risk factors for the development of HCC. 
When analyzing pre- and posttreatment factors, only a se-
rum ALB level <4.0 g/dL was considered a significant risk fac-
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of HCV is quite important for the promotion of health 
 [3] .

  HCV-related HCC develops in a stepwise manner 
through the stages of chronic hepatitis and liver cirrhosis. 
HCV-related HCC is a typical example of inflammation-
related cancer, and therefore eradication of HCV at an 
early stage of chronic hepatitis is considered to be very 
effective for the prevention of subsequent hepatocarcino-
genesis  [4] . In fact, several studies reported that the sub-
sequent incidence of HCC decreased in patients in whom 
HCV was successfully eliminated by interferon (IFN) 
therapy  [5–7] . However, these studies also indicated that 
the inhibitory effects on carcinogenesis were limited de-
spite the achievement of sustained virological responses 
(SVRs) to IFN in elderly patients, those with advanced 
liver cirrhosis, or those with a high serum α-fetoprotein 
(AFP) level after treatment  [5–9] . Thus, a significant pop-
ulation of patients with HCV-related liver diseases devel-
ops HCC despite the achievement and maintenance of 
SVR. Careful follow-up for the early detection of HCC is 
mandatory for such high-risk patients even after achieve-
ment of SVR  [1, 10] . In this retrospective study, we at-
tempted to identify clinical parameters strongly associ-
ated with the emergence of HCC in patients with SVRs to 
IFN.

  Methods 

 Subjects 
 Patients with chronic hepatitis C who were treated at our hos-

pital between 2004 and 2014 were enrolled in this study. Patients 
with autoimmune hepatitis, primary biliary cirrhosis, co-infection 
with hepatitis B virus, or an alcohol intake of  ≥ 50 g/day were ex-
cluded. Furthermore, we excluded patients with an IFN adminis-
tration period of less than 24 weeks, those with an observation 
period of less than 1 year after the completion of IFN therapy, those 
with HCC development during IFN therapy, and those with a his-
tory of HCC. Finally, we analyzed 415 patients treated with regi-
mens involving IFN. The study protocol was approved by the Eth-
ics Committee of Kindai University Faculty of Medicine, and this 
study was performed in accordance with the Helsinki Declaration.

  Methods 
 For HCC diagnosis, contrast-enhanced CT or Gd-EOB- 

DTPA-enhanced MRI monitoring was performed. For patients in 
whom a contrast medium could not be used due to allergy or kid-
ney dysfunction, contrast-enhanced ultrasonography was per-
formed.

  Definition of Responses to IFN Therapy 
 IFN was administered for 24–72 weeks. Patients who remained 

negative for serum HCV-RNA, 24 weeks after the completion of 
IFN therapy, were regarded as the state of SVRs. Patients who re-

mained positive for HCV-RNA, 24 weeks after the completion of 
IFN therapy, were regarded as the state of non-SVRs. HCV-RNA 
was determined using qualitative Amplicor or TaqMan HCV assay 
(Roche Molecular Diagnostics, Tokyo, Japan).

  Statistical Analysis 
 Risk factors for HCC were analyzed using Cox’s regression 

model. To determine the cumulative incidence curve, the Kaplan-
Meier method was used. Significance was tested using the log-rank 
test. A  p  value of less than 0.05 was regarded as significant.

  Results 

 Patient Background 
 A total of 415 patients with a mean age of 58 years 

were enrolled in this retrospective study. They consist-
ed of 191 males and 224 females. Two hundred and 
sixty-six patients received liver biopsy, and the stage of 
fibrosis was evaluated as 0–2 in 199 patients and 3–4 in 
67. The mean serum albumin (ALB), alanine amino-

Table 1.  Background of registered patients

Factors Value

Patients, n 415
Age, years, mean (SD) 58.0 (11.7)
Males/females, n 191/224
BMI, kg/m2, mean (SD) 23.1 (4.3)
Liver histology

Activity, A0-1/2-3 94/172
Fibrosis, F0–2, 3–4 199/67

WBC count, μL, mean (SD) 5,511 (4,428)
Hb, g/dL, mean (SD) 14.8 (10.2)
Platelet counts, ×104/μL, mean (SD) 17.8 (6.5)
Total bilirubin, mg/dL, mean (SD) 0.71 (0.3)
Albumin, g/dL, mean (SD) 4.30 (2.0)
γ-GTP, IU/L, mean (SD) 53.3 (56.4)
Total cholesterol, mg/dL, mean (SD) 177.8 (55.3)
Fasting blood sugar, mg/dL, mean (SD) 102.7 (27.0)
DM madicatin, present/absent 29/386
ALT, IU/L, mean (SD) 71.7 (73.6)
AFP, ng/mL, mean (SD) 11.3 (37.5)
HCV serotype, 1/2/unknown 280/102/33
IFN regimen, combination therapy with
DAAs, present/absent 45/370
Previous IFN therapy, present/absent 129/286
Combination therapy with UDCA, present/absent 132/283

 BMI, body mass index; DM, diabetes mellitus; IFN, interferon; 
UDCA, ursodeoxycholic acid; WBC, white blood cells; GTP, glut-
amyl transpeptidase; ALT, alanine aminotransferase; AFP, 
α-fetoprotein; HCV, hepatitis C virus; IFN, interferon; DAA, di-
rect-acting antiviral.
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transferase (ALT), and AFP levels were 4.3 g/dL, 71.7 
IU/L, and 11.3 ng/mL, respectively. The subjects in-
cluded 29 patients treated for diabetes mellitus (DM; 
 Table 1 ).

  Identification of Risk Factors for Hepatocarcinogenesis 
Using Pretreatment Factors and Antiviral Effects 
 The age, sex, body mass index, stage of fibrosis, plate-

let count (PLT), ALB, γ-glutamyltransferase, total cho-
lesterol, DM treatment, ALT, AFP, presence or absence 
of direct-acting antiviral (DAA) therapy, and presence 
or absence of SVR achievement were investigated to 
evaluate the possible association for the development of 
HCC. On univariate analysis using Cox’s regression 
model, the stage of fibrosis, ALB, ALT, AFP, and pres-
ence or absence of SVR achievement were extracted as 
significant factors. These factors identified by univariate 
analysis are shown to be risk factors for the development 

of HCC in patients bearing HCV infection in previous 
reports [5–7]. In addition to these 5 factors, age and PLT 
( p  < 0.1) were also examined using multivariate analysis. 
Interestingly, multivariate analysis revealed that among 
7 factors, only ALB levels and status of SVR were defined 
as risk factors for HCC development ( Table  2 ). Thus, 
these initial analyses suggest that serum levels of ALB 
and status of SVR are associated with the development 
of HCC.

  Examination of Risk Factors for Carcinogenesis Using 
Pre-/Posttreatment Factors and Antiviral Effects 
 We next tried to analyze the involvement of post-

treatment factors in the development of HCC. To this 
end, age, sex, body mass index, stage of fibrosis, PLT, 
ALB, γ-glutamyltransferase, total cholesterol, DM 
treatment, baseline or posttreatment ALT, baseline or 
posttreatment AFP, presence or absence of DAA ther-

Table 2.  Examination of risk factors for carcinogenesis using pretreatment factors and antiviral effects

Factors Category Univariate analysis  Multivariate analysis

hazard ratio (95% CI) p value ha zard ratio (95% CI) p value

Age, years 0: <60
1: >60

1
2.113 (0.956–4.073)

0.065 1
1.494 (0.574–3.885)

0.411

Gender 0: male
1: female

1
0.765 (0.364–1.607)

0.765

BMI, kg/m2 0: <25
1: >25

1
1.385 (0.605–3.168)

0.441

Fibrosis stage, F0–2, 3–4 0: F0–2
1: F3–4

1
4.357 (1.833–10.356)

0.001 1
2.222 (0.846–5.835)

0.105

Platelet counts, ×104/μL 0: <15
1: >15

1
0.485 (0.231–1.019)

0.056 1
1.108 (0.431–2.852)

0.831

Albumin, g/dL 0: <4
1: >4

1
0.132 (0.060–0.292)

<0.001 1
0.306 (0.112–0.840)

0.021

γ-GTP, IU/L 0: <65
1: >65

1
1.569 (0.690–3.566)

0.283

Total cholesterol, mg/dL 0: <221
1: >221

1
0.279 (0.380–2.058)

0.211

DM madicatin 0: absent 
1: present 

1
1.057 (0.560–5.492)

0.409

ALT, IU/L 0: <30
1: >30

1
4.696 (1.114–19.785)

0.035 1
3.231 (0.407–25.635)

0.267

AFP, ng/mL 0: <6
1: >6

1
5.642 (2.532–12.575)

<0.001 1
2.678 (0.974–7.366)

0.056

IFN regimen, combination therapy with 
DAAs

0: absent 
1: present 

1
0.597 (0.079–4.506)

0.617

SVR 0: non SVR
1: SVR

1
0.202 (0.096–0.425)

<0.001 1
0.383 (0.148–0.991)

0.048

 BMI, body mass index; DM, diabetes mellitus; IFN, interferon; SVR, sustained virological response; ALT, alanine aminotransferase; 
AFP, α-fetoprotein; DAA, direct-acting antiviral; GTP, glutamyl transpeptidase.
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apy, and presence or absence of SVR achievement 
were subjected to univariate analysis. Serum samples 
were obtained at 24 weeks after the completion of 
IFN therapy. On univariate analysis using Cox’s re-
gression model, the post-ALT and post-AFP levels 
were identified as significant factors in addition to the 
stage of fibrosis, ALB, ALT, AFP, and presence or ab-
sence of SVR achievement. In addition to these fac-
tors, age and PLT ( p  < 0.1) were again evaluated using 
multivariate analysis. In this second multivariate anal-
ysis, the ALB level was again identified as a risk factor 
for carcinogenesis ( Table 3 ). Thus, baseline-pretreat-
ment ALB level is the best useful biomarker for the 
prediction of HCC development in our retrospective 
analyses.

  Changes in the Cumulative Incidence of HCC with 
Respect to the Serum ALB Level (Analysis with Respect 
to the Presence or Absence of SVR Achievement) 
 Having identified the serum ALB level as the most 

useful marker for HCC development, we tried to identify 
a sub-population of patients exhibiting higher risks. 
First, subjects with a serum ALB level <4.0 g/dL were 
compared with those with >4.0 g/dL. The cumulative in-
cidence of HCC was significantly higher in the former 
group than in the latter group ( Fig. 1 ;  p  < 0.001). Thus, 
the serum ALB level is a sensitive marker for the predic-
tion of HCC development. Subsequently, subjects were 
subdivided into 4 groups based on serum ALB level and 
status of SVR achievement. In both SVR-achieved and 
non-SVR-achieved groups with a serum ALB level <4.0 

Table 3.  Examination of risk factors for carcinogenesis using pre-/posttreatment factors and antiviral effects

Factors Category  Univariate analysis Multivariate analysis

ha zard ratio (95% CI) p value hazard ratio (95% CI) p value

Age, years 0: <60
1: >60

1
2.113 (0.956–4.073)

0.065 1
1.597 (0.608–4.191)

0.342

Gender 0: male
1: female

1
0.765 (0.364–1.607)

0.765

BMI, kg/m2 0: <25
1: >25

1
1.385 (0.605–3.168)

0.441

Fibrosis stage, F0–2, 3–4 0: F0–2
1:  F3–4

1
4.357 (1.833–10.356)

0.001 1
2.279 (0.856–6.066)

0.099

Platelet counts, ×104/μL 0: <15
1: >15

1
0.485 (0.231–1.019)

0.056 1
1.470 (0.513–4.217)

0.473

Albumin, g/dL 0: <4
1: >4

1
0.132 (0.060–0.292)

<0.001 1
0.295 (0.104–0.834)

0.021

γ-GTP, IU/L 0: <65
1: >65

1
1.569 (0.690–3.566)

0.283

Total cholesterol, mg/dL 0: <221
1: >221

1
0.279 (0.380–2.058)

0.211

DM madicatin 0: absent 
1: present 

1
1.057 (0.560–5.492)

0.409

Pre-ALT, IU/L 0: <30
1: >30

1
4.696 (1.114–19.785)

0.035 1
2.583 (0.308–21.649)

0.382

Post-ALT, IU/L 0: <30
1: >30

1
4.629 (2.200–9.740)

<0.001 1
2.205 (0.451–10.791)

0.329

Pre-AFP, ng/mL 0: <6
1: >6

1
5.642 (2.532–12.575)

<0.001 1
2.678 (0.974–7.366)

0.056

Post-AFP, ng/mL 0: <6
1: >6

1
6.927 (3.238–14.819)

<0.001 1
2.216 (0.747–6.577)

0.152

IFN regimen, combination therapy 
with DAAs 

0: absent 
1: present 

1
0.597 (0.079–4.506)

0.617

SVR 0: non SVR
1: SVR

1
0.202 (0.096–0.425)

<0.001 1
0.940 (0.174–5.097)

0.943

 BMI, body mass index; DM, diabetes mellitus; IFN, interferon; SVR, sustained virological response; ALT, alanine aminotransferase; 
AFP, α-fetoprotein; DAA, direct-acting antiviral.

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
16

3.
51

.1
65

.5
 - 

11
/2

0/
20

18
 5

:5
3:

54
 A

M

－608－



 Umehara et al.
 

Dig Dis 2017;35:548–555
DOI: 10.1159/000480147

552

g/dL, the cumulative incidences of HCC were signifi-
cantly higher ( Fig.  2 a, analysis involving non-SVR-
achieved patients:  p  < 0.001;  Fig. 2 b, analysis involving 
SVR-achieved patients:  p   = 0.003). These data suggest 
that the serum ALB level is the most sensitive marker for 
the prediction of HCC development regardless of SVR 
achievement.

  The degree of fibrosis is strongly associated with the 
development of HCC [29]. We, therefore, tried to evalu-
ate the relationship between serum ALB level and the de-
gree of fibrosis in this study. Subjects were subdivided 
into 4 groups based on serum ALB level and degree of 
fibrosis. Among the fibrosis 0–2 patients, those with a se-
rum ALB level <4.0 g/dL were compared with those with 
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  Fig. 1.  Comparison of the cumulative inci-
dence of HCC with respect to the serum 
ALB level. When comparing patients with 
a serum ALB level <4.0 g/dL with those 
with a serum ALB level  ≥ 4.0 g/dL, the cu-
mulative incidence of HCC was signifi-
cantly higher in the former ( p  < 0.001). 

  Fig. 2.  Comparison of the cumulative incidence of HCC with re-
spect to the serum ALB level and presence or absence of SVR 
achievement. Among the non-SVR-achieved patients, those with 
a serum ALB level <4.0 g/dL were compared with those with a se-
rum ALB level  ≥ 4.0 g/dL. In the former, the cumulative incidence 

of HCC was significantly higher ( a ;  p  < 0.001). Among the SVR-
achieved patients, those with a serum ALB level <4.0 g/dL were 
compared with those with a serum ALB level  ≥ 4.0 g/dL. In the for-
mer, the cumulative incidence of HCC was significantly higher ( b ; 
 p  = 0.003). 
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a serum ALB level  ≥ 4.0 g/dL. The cumulative incidence 
of HCC was significantly higher in the former group than 
in the latter group ( Fig. 3 a;  p  = 0.002). Among the fibrosis 
3–4 patients, those with a serum ALB level <4.0 g/dL were 
compared with those with a serum ALB level  ≥ 4.0 g/dL. 
The cumulative incidence of HCC was significantly high-
er in the former group than in the latter group ( Fig. 3 b, 
 p  = 0.003). Taken together, these data suggest that the se-
rum ALB level is the most useful marker for the develop-
ment of HCC irrespective of liver fibrosis stage or SVR 
achievement.

  Discussion 

 It has been well-established that IFN treatment against 
chronic hepatitis for the eradication of HCV prevents the 
development of HCC. For example, Nishiguchi et al.  [11]  
conducted a prospective study involving patients with liv-
er cirrhosis C, and reported that the risk of HCC was sig-
nificantly reduced when IFN administration led to an 
SVR or persistent ALT normalization. In line with the 
results of this prospective study, Ikeda et al.  [12]  retro-
spectively examined the cumulative incidence of HCC 
with respect to the IFN treatment response in patients 
with chronic hepatitis C and found that the incidence of 
HCC was much lower in patients with SVR than in those 
without IFN treatment or without SVR after the initial 

IFN therapy. In addition to these studies, many studies 
reported that the induction of SVR by IFN therapy pre-
vents subsequent hepatocarcinogenesis  [13–16] . There-
fore, it can be concluded that the achievement of SVR by 
IFN therapy is the most effective strategy for the preven-
tion of HCC in patients with HCV-related liver diseases.

  On the contrary, the development of HCC occurs in a 
significant population of HCV-infected patients even af-
ter successful induction of SVR. Once HCC occurs, sev-
eral treatment options including resection  [17] , ablation 
 [18–20] , hepatic arterial chemoembolization  [21] , trans-
arterial infusion chemotherapy  [22, 23],  and systemic 
therapy  [24–26]  are applied. Previous studies attempted 
to identify risk factors for such hepatocarcinogenesis. The 
male gender, an advanced age, alcohol consumption, fat-
ty liver, and DM are considered to increase the risk of 
HCC after successful induction of SVR  [5–7, 27, 28] . As 
for serum biomarkers for the prediction of HCC after 
SVR induction, a couple of studies indicated that no sig-
nificant reduction in the AFP level after IFN therapy was 
a risk factor for carcinogenesis  [5–7] . Furthermore, liver 
fibrosis is considered to be the most important risk factor 
for carcinogenesis after SVR achievement, as shown by 
Morgan et al.  [29]  who reported that SVR achievement 
decreased the hazard ratio of hepatocarcinogenesis in pa-
tients with advanced stages of liver fibrosis. In this study, 
we tried to clarify the risk factors for HCC development 
in patients after SVR in a retrospective manner.
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  Fig. 3.  Comparison of the cumulative incidence of HCC with re-
spect to the serum ALB level and presence or absence of liver fi-
brosis progression. Among the fibrosis 0–2 patients, those with a 
serum ALB level <4.0 g/dL were compared with those with a serum 
ALB level  ≥ 4.0 g/dL. In the former, the cumulative incidence of 

HCC was significantly higher ( a ;  p  = 0.002). Among the fibrosis 
3–4 patients, those with a serum ALB level <4.0 g/dL were com-
pared with those with a serum ALB level  ≥ 4.0 g/dL. In the former, 
the cumulative incidence of HCC was significantly higher ( b ;  p  = 
0.003). 
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  In this study, the serum ALB level and presence or ab-
sence of SVR achievement were identified as significant 
risk factors for carcinogenesis when analyzing pretreat-
ment factors and antiviral effects. In addition to these fac-
tors, the ALT and AFP levels after IFN therapy, which 
were previously reported as risk factors for carcinogene-
sis  [5, 6] , were analyzed. Only the serum ALB level prior 
to the treatment was identified as a significant factor. Re-
garding the importance of ALB as a predictor for HCC 
development, Asahina et al.  [6]  reported that a reduction 
in the serum ALB level after IFN therapy was a risk factor 
for carcinogenesis after IFN therapy, independent of age, 
sex, liver fibrosis, fatty liver, posttreatment ALT and AFP 
levels. Importantly, a reduction in the serum ALB level 
after IFN therapy was identified as a risk factor, which is 
independent of SVR achievement. The importance of the 
reduction in serum ALB level was confirmed by multi-
variate analysis since this parameter was more useful for 
the prediction of HCC development than the posttreat-
ment AFP level. Consistent with the results of Asahina et 
al.  [6] , our retrospective univariate and multivariate anal-
yses revealed that the serum ALB before treatment is the 
most sensitive marker for the prediction of HCC develop-
ment in patients with successful induction of SVR. Al-
though the posttreatment AFP level and severity of liver 
fibrosis were also identified as significant risk factors for 
hepatocarcinogenesis by univariate analysis in study, 
these parameters were not identified by multivariate anal-
ysis. Furthermore, we confirmed that the serum ALB lev-
el prior to the treatment exhibits significant correlation 
to subsequent HCC development, irrespective of SVR 
status or liver fibrosis stages. Collectively, our retrospec-
tive analysis supports the idea that the serum ALB level is 
more important than the liver fibrosis stages, post-AFP 
levels, and SVR status for the prediction of HCC develop-
ment.

  The reasons for no significant correlation between 
HCC development and liver fibrosis remains unknown at 
present. When analyzing Kaplan-Meier curves, the inci-
dence of HCC after SVR achievement was found to be 
significantly higher in patients with a serum ALB level 
<4.0 than in those with a serum ALB level >4.0, and was 
independent of the severity of liver fibrosis. It should be 
noted, however, that the incidence of HCC is highest in 
patients with advanced stages of liver fibrosis (3–4) and 
serum ALB level <4.0, which suggests the involvement of 
the severity of liver fibrosis in the development of HCC. 
This finding together with the fact that the synthetic ca-
pacity of ALB reduces with the progression of liver fibro-
sis, the progression of liver fibrosis and a reduction in the 

serum ALB level may act together to promote hepatocar-
cinogenesis. Therefore, it is difficult to disregard the in-
volvement of liver fibrosis in the development of HCC 
after induction of SVR. 

  Interestingly, the incidence of HCC is significantly 
higher in patients with serum ALB level <4.0 than in those 
with serum ALB level >4.0 in the early stages of liver fi-
brosis group. This finding suggests that SVR-mediated 
inhibitory effects on carcinogenesis are limited in pa-
tients exhibiting impaired hepatic synthetic capacity in 
spite of early stages of liver fibrosis. Thus, careful follow-
up for the detection of HCC is necessary in such patients 
even if the liver fibrosis is not so severe. Another interpre-
tation of this finding comes from the fact that the ALB 
level reflects the systemic nutritional status regardless of 
the progression of liver fibrosis. Thus, hepatocarcinogen-
esis may not be inhibited in malnutrition patients with a 
reduction in the ALB level.

  Branched chain amino acids (BCAAs) improve amino 
acid imbalance in patients with chronic liver disease. Al-
though several modes of actions, including reduction of 
angiogenesis and promotion of insulin-dependent hepa-
tocyte proliferation, have been proposed for BCAA’s ben-
eficial effects in chronic liver diseases, one of the most 
important action of BCAA is the promotion of ALB syn-
thesis by oxidative-stress-reducing and oxidized-albu-
min-lowering actions  [30, 31] . In addition, it has been 
recently reported that oral administration of BCAAs 
leads to the inhibition of hepatocarcinogenesis through 
the synthesis of ALB and the reduction in the oxidative 
stress level  [32] . In this study, we identified serum ALB 
level <4.0 as the strongest risk factor for HCC develop-
ment in patients with HCV-related liver diseases. This 
finding suggests that oral supplementation of BCAAs is 
beneficial for patients exhibiting serum ALB level <4.0 for 
the prevention of hepatocarcinogenesis.

  In conclusion, the serum ALB level was identified as 
the strongest risk factor for carcinogenesis after SVR 
achievement in this retrospective study. Importantly, this 
factor was also associated with HCC development in pa-
tients with slight liver fibrosis. The serum ALB level was 
more sensitive than the progression of liver fibrosis for 
the prediction of HCC development, and careful follow-
up for the detection of HCC may be necessary in such 
high-risk patients.
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and ALT levels 12 weeks after SVR12 (SVR24;  p  = 0.0109). For 
126 patients who showed an increase in baseline AFP level, 
FL, fibrosis-4 (FIB-4) index, and albumin levels before treat-
ment were related to abnormal AFP at SVR24 ( p  = 0.0005, 
0.0232, and 0.0400 for FL, FIB-4 index, and albumin, respec-
tively). Similarly, for 150 patients with abnormal baseline ALT 
levels, FL was associated with an ALT level  ≥  30 IU/L after SVR 
( p  = 0.0430).  Conclusions:  High FIB-4 index, low albumin lev-
el, and FL before DAA treatment were associated with a risk 
of sustained liver damage with AFP and ALT elevation after 
SVR; patients with these factors should be carefully moni-
tored for emergence of HCC.  © 2017 S. Karger AG, Basel 
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 At least 150 million people are infected with hepatitis 
C virus (HCV) worldwide  [1] . The critical goal in the 
management of chronic hepatitis C (CHC) is to achieve 
a sustained virological response (SVR) that represents 
contentious HCV elimination. So far, a significant num-
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liver damage after SVR may be a risk of hepatocellular carci-
noma (HCC). We clarified pretreatment characteristics relat-
ed to sustained liver damage after SVR.  Methods:  A total of 
286 CHC patients were treated with an interferon-free DAA 
regimen. Among them, 250 patients achieved SVR for 12 
weeks after the end of treatment (SVR12); these individuals 
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transaminase (ALT) levels posttreatment. Baseline character-
istics significantly associated with AFP >5 ng/mL and ALT 
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ber of reports have shown that achievement of SVR has 
a strong impact on the improvement of liver damage 
and emergence of hepatocellular carcinoma (HCC), 
which leads to the reduction of liver disease-related 
mortality  [2–4] . However, 2.3 and 5.5% of CHC patients 
who achieved SVR through interferon (IFN)-based 
treatment reportedly developed HCC during the aver-
age observation periods of 5 and 10 years, respectively 
 [5] . When HCC is detected by imaging  [6–10]  or bio-
markers  [11, 12] , treatments are performed by means of 
resection  [13, 14] , ablation  [15–18] , transarterial che-
moembolization  [13, 19–21] , intrahepatic arterial infu-
sion chemotherapy  [22, 23]  or systemic therapy  [20, 24–
26] .

  In contrast, it is conceivable that contentious liver 
damage and regeneration, which are manifested by in-
creases in serum alanine transaminase (ALT) and 
α-fetoprotein (AFP) levels, are critical conditions for the 
development of HCC  [27, 28] . Indeed, previous studies 
have suggested that the elevation of AFP and ALT levels 
in CHC patients treated with IFN could be a risk for the 
emergence of HCC  [5, 29–31] .

  In comparison with an IFN-based regimen, IFN-free 
direct-acting antiviral (DAA) treatments show less ad-
verse effects and a higher SVR rate with shorter treatment 
periods. Therefore, such treatments can be widely applied 
to patients carrying HCV, including the elderly, those 
with advanced liver fibrosis, and those who fail to obtain 
SVR with IFN-based regimen  [32] . However, a subset of 
patients do not show an improvement of serum AFP and 
ALT levels regardless of SVR, suggesting that damage to 
and the regeneration of hepatocytes still lingers on even 
after the elimination of HCV. As high AFP and ALT lev-
els after SVR could be a surrogate marker for sustained 
liver damage and HCC emergence  [5, 30] , characteriza-
tion of such patients is important for the management of 
patients with HCV after viral elimination.

  In the present study, we focused on this issue and clar-
ified specific pretreatment characteristics related to ab-
normal AFP and ALT levels after SVR in patients who 
were treated with an IFN-free DAA regimen.

  Materials and Methods 

 Patients 
 Between September 2014 and April 2016, 286 CHC patients 

were treated with an IFN-free DAA regimen at Kindai Univer-
sity hospital. DAA treatment includes daclatasvir (DCV) + asu-
naprevir (ASV), sofosbuvir (SOF)/ledipasvir (LDV), ombitasvir 
(OBV) + paritaprevir (PTV)/rironavir (r) or SOF + ritonavir 

(RIB). For the treatment of patients with HCV genotype 1, one 
of the following regimens was applied: DCV + ASV for 24 weeks, 
SOF/LDV for 12 weeks, or OBV + PTV/r for 12 weeks. In the 
DCV + ASV regimen, DCV was administered once a day at a dose 
of 60 mg, and ASV was administered twice a day at a dose of 100 
mg. In the SOF/LDV regimen, SOF was administered once a day 
at a dose of 400 mg, and LDV was administered once a day at a 
dose of 90 mg. In the OBV + PTV/r regimen, OBV was adminis-
tered once a day at a dose of 25 mg, PTV was administered once 
a day at a dose of 150 mg and r was administered once a day at a 
dose of 100 mg. For the treatment of patients with HCV genotype 
2, SOF + RIB was administered for 12 weeks; specifically, SOF 
was administered once a day at a dose of 400 mg, and RIB was 
administered at a total dose of 1,000–1,200 mg/day based on body 
weight, in accordance with the standard treatment protocol for 
Japanese patients.

  An undetectable HCV-RNA at 12 and 24 weeks after the end 
of treatment (EOT) was defined as SVR12 and SVR24, respec-
tively. Patients testing positive for HCV-RNA 12 weeks after 
the  EOT were defined as non-SVR. Among 286 patients who 
underwent DAA treatment, 7 patients developed HCC within 
one year after DAA initiation and were eliminated from the anal-
ysis because of the concern that microscopic HCC might already 
have emerged prior to DAA treatment. In addition, 29 patients 
were excluded because SVR12 was not achieved. Finally, 250 pa-
tients who showed SVR12 after IFN-free DAA treatment were 
enrolled in this study. Patient age, sex, previous history of HCC, 
presence of diabetes mellitus (DM), hyperlipidemia (HL), and 
hypertension (HT) were evaluated. The presence of fatty liver 
(FL) was also assessed using ultrasonography.  Table 1  shows the 
baseline characteristics of the 250 patients enrolled in this 
study. The patient population includes 119 men and 131 women 
(median age, 69 years; range 26–90 years). Sixty of the pa-
tients  had a past history of HCC development, while 54 also 
 suffered from DM, 34 were HL, 128 had a history of HT, and 77 
had a history of FL. Additionally, 67 patients had undergone pre-
vious anti-HCV treatments. Among the 250 patients who 
achieved SVR12, 100 patients were treated with DCV + ASV, 86 
patients were treated with SOF + LDV, 17 patients were treated 
with OBV + PTV/r, and 47 patients were treated with SOF + RIB, 
respectively. Before DAA treatment, the median HCV-RNA lev-
el was 5.9 log/mL (range 2.2–7.6 log/mL) and the median fibro-
sis-4 (FIB-4) index was 5.1 (range 0.39–31). Other notable base-
line values are as follows: serum AST level (median, 52.1 IU/L, 
range 11–292 IU/L); ALT level (median, 51 IU/L, range 6–506 
IU/L); ALB level (median, 3.9 g/dL range 2.3–5.1 g/dL); platelet 
(PLT) count (median, 14.2 × 10 4 /μL, range 2.5–40.6 × 10 4 /μL); 
AFP level (median, 16.5 ng/mL, range 1–701 ng/mL); and esti-
mated glomerular filtration rate (median, 70.7, range 3–118; 
( Table 1 ).

  Follow-up 
 The follow-up period was started from the initiation of the 

DAA treatment until 24 weeks after the EOT; HCV-RNA, AST, 
ALT, ALB, PLT, AFP levels were evaluated at SVR12 and SVR24. 
The HCV-RNA level was determined using the qualitative Ampli-
cor or TaqMan HCV assay (Roche Molecular Diagnostics, Tokyo, 
Japan).

  This study was conducted according to the ethical guidelines of 
the Declaration of Helsinki amended in 2002. Informed consent 
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was obtained from each patient; the study was approved by the eth-
ics commission of Kindai University Hospital (approval number: 
28–251).

  Statistical Analysis 
 For univariate analyses, age, FIB-4 index, AST, ALT, ALB, AFP, 

ferritin levels, PLT counts, and estimated glomerular filtration rate 
were analyzed as continuous variables. Patient sex; treatment his-
tory of HCV; past history of HCC; and presence of DM, HL, HT, 
and FL were treated as categorical variables. For the comparison 
of categorical variables, the Pearson’s chi-square test was applied. 
For the comparison of continuous variables, the Student’s  t  test 
and the one-way factorial analysis of variance were applied.

  Subsequently, baseline factors with significant differences on 
univariate analysis were analyzed using multiple logistic regres-
sion analysis. For logistic regression analysis, continuous variables 
found to be significant in univariate analyses were categorized as 
follows:  ≥ 3.25 and   ≤  3.24 for FIB-4 index;  ≤ 3.7, 3.8–4.1, and  ≥ 4.2 
g/dl for ALB level; <70, 70–74, and   ≥   75 years for age; and <30, 
30–59, and   ≥  60 IU/L for AST level. If FIB-4 index was selected as 
an item for multivariate analysis, age, AST and ALT levels, and 
PLT count were excluded from analysis because these were known 
to be confounding factors for FIB-4 index. All  p  values were 2-sid-
ed, and a  p  value of < 0.05 was considered to be significant. Statis-
tical analyses were performed using the Statistical Package for the 
Social Sciences software, version 11.5J (SPSS; Chicago, IL, USA).

  Results 

 Baseline Characteristics of the Patients Associated 
with Sustained Abnormal AFP and ALT Levels after 
SVR 
 A subset of the patients evaluated presented with ab-

normal levels of serum AFP and ALP, even after the 
achievement of SVR12. We tried to elucidate the clinical 
backgrounds of these individuals, related to the sustained 
increase of AFP and ALT levels after SVR, by analyzing 
250 patients who achieved SVR12. For this analysis, we 
classified patients based on their AFP levels 24 weeks after 
EOT (at SVR24); the total 250 patients were stratified into 
a group of 181 patients with AFP levels  ≤ 5 ng/mL, a group 
of 30 patients with AFP levels = 6–9 ng/mL, and a group 
of 13 patients with AFP levels  ≥ 10 ng/mL (26 were miss-
ing). The pretreatment factors significantly related to 
AFP level at SVR24 included a history of HCC emer-
gence, FIB-4 index, and AST, ALB, and AFP levels, and 
PLT counts on univariate analysis; a history of HCC, 
higher FIB-4 index, higher pretreatment AST level, lower 
pretreatment ALB level and PLT count, and higher AFP 
level were associated with an increase in AFP level at 
SVR24 ( p  = 0.0443 for the history of HCC,  p  < 0.0001 for 
FIB-4 index,  p  = 0.0005 for pretreatment AST level,  p < 
 0.0001 for pretreatment ALB level,  p  <  0.0001 for pre-

treatment PLT count, and  p   < 0.0001 for pretreatment 
AFP level;  Table 2 ). Based on the results of multivariable 
logistic regression analysis, pretreatment AFP level was 
identified as an independent factor that was associated 
with AFP levels at SVR24 ( p  < 0.0001;  Table 2 ).

  Similarly, we classified patients based on the ALT lev-
els at SVR24; 175 patients showed an ALT level <20 IU/L, 
39 patients had an ALT level of 20–29 IU/L, and 23 pa-
tients had an ALT level  ≥ 30 IU/L (13 were missing). The 
pretreatment factors significantly related to the ALT lev-
el at SVR24 were age, presence of FL, FIB-4 index, pre-
treatment AST level, pretreatment ALT level, and pre-
treatment PLT counts ( p =  0.0025 for age , p  = 0.0113 for 
FL,  p =  0.0269 for FIB-4 index,  p <  0.0001 for pretreat-
ment AST level,  p <  0.0001 for pretreatment ALT level, 
and  p =  0.0495 for pretreatment PLT counts;  Table 3 ). 
According to multivariable logistic regression analysis, 
the presence of FL was identified as an independent factor 
that was significantly associated with an increase in ALT 
level at SVR24 ( p  = 0.0109;  Table 3 ).

Table 1.  Baseline clinical characteristics of patients

Clinical factors Baseline 
characteristics1

Gender, male/female 119/131
Age, year, median (range) 69 (26–90)
HCV-RNA, log IU/L, median (range) 5.9 (2.2–7.6)
FIB-4 index, median (range) 5.1 (0.39–31)
AST level, IU/L, median (range) 52.1 (11–292)
ALT level, IU/L, median (range) 51 (6–506)
Albumin level, g/dL, median (range) 3.9 (2.3–5.1)
Platelet counts, ×104/μL, median (range 14.2 (2.5–40.6)
AFP level, ng/mL, median (range 16.5 (1–701)
eGFR, mL/min/1.73 m2, median (range) 70.7 (3–118)
Previous antiviral treatment (with/without) 67/183
Past history of HCC (with/without) 60/190
Diabetes mellitus (with/without) 54/196
Hyperlipidemia (with/without) 34/216
Hypertension (with/without) 128/122
Fatty liver (with/without) 77/173

 1 Number of patients or median value (range) were shown.
Two hundred and fifty patients were analyzed; 100 patients 

were treated with DCV + ASV, 86 cases treated with SOF/LDV, 17 
cases treated with OBV + PTV/r, and 47 cases treated with SOF + 
RIB, respectively.

DCV, daclatasvir; ASV, asunaprevir; SOF, sofosbuvir; LDV,  le-
dipasvir; OBV, ombitasbir; PTV/r, paritaprevir; RIB, ritonavir; 
HCC, hepatocellular carcinoma; HCV, hepatitis C virus; AST, as-
partate transaminase; ALT, alanine aminotransferase; AFP, alpha-
fetoprotein; eGFR, estimated glomerular filtration rate.
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Table 2.  Association between pretreatment factors and AFP value after SVR

Pretreatment factors Patients classified based on AFP value at the time of SVR241  p value

<5 ng/mL (n = 181) 6–9 ng/mL (n = 30) >0 ng/mL (n = 13) univari ate3 multivariate4

Age, years 69.9 (68.2–71.6) 66.6 (62.4–70.8) 68.3 (61.9–74.6) 0.3263
Gender, male/female 83/98 15/15 8/5 0.5230
Treatment history of HCV

(with/without) 47/134 9/21 6/7 0.2777
Past history of HCC (with/without) 37/144 10/20 6/7 0.0443 0.4341
Past history of diabetes (with/without) 39/142 6/24 2/11 0.8616
Lipid metabolism (with/without) 23/158 7/23 0/13 0.0983
Hypertension (with/without) 89/92 18/12 6/7 0.5197
Fatty liver (with/without) 50/131 11/19 6/7 0.2540
FIB-4 index2 4.28 (3.69–4.86) 7.55 (6.11–8.99) 11.7 (9.52–13.89) <0.0001 0.2273
AST, IU/L 47.0 (42.2–51.9) 69.1 (57.1–81.1) 70.3 (52.0–88.5) 0.0005
ALT, IU/L 45.7 (38.8–52.7) 60.7 (43.6–77.7) 52.9 (27.0–78.8) 0.2630
Albumin, g/dL 4.06 (4.00–4.13) 3.68 (3.52–3.84) 3.55 (3.30–3.80) <0.0001 0.0832
Platelet counts, ×104/μL 15.1 (14.2–16.0) 10.9 (8.6–13.1) 7.2 (3.8–10.6) <0.0001
AFP, ng/mL 7.44 (–0.07–14.9) 32.1 (13.8–50.4) 121.5 (93.7–149.3) <0.0001 <0.0001
Ferritin, ng/mL 131.9 (70.1–193.8) 208.7 (79.5–337.9) 77.36 (–169.8–325.1) 0.4903
eGFR, mL/min/1.73 m2 68.7 (65.5–72.0) 75.0 (67.0–83.0) 74.3 (62.1–86.4) 0.2731

 AST, aspartate transaminase; ALT, alanine aminotransferase; AFP, alpha-fetoprotein; eGFR, estimated glomerular filtration rate.
1 Mean value and 95% CI were shown for contentious variables, and the number of patients in each category was shown for categorical variables.
2 FIB-4 index = age (year) × AST (IU/L)/PLT (109/L) × ALT (IU/L)1/2.
3 For comparison of contentious variables between multiple groups, one-way factorial analysis of variance was performed. For comparison of categorical 

variables, the Pearson’s chi-squared test was applied.
4 p values by multiple logistic regression analysis.

Table 3.  Association between pretreatment factors and ALT value after SVR

Pretreatment factors Patients classified based on ALT value at the time of SVR241  p values

<20 IU/L (n = 175) 20–29 IU/L (n = 39) >30 μ/L (n = 23) un ivariate3 multivariate4

Age, years 70.4 (68.7–72.1) 67.5 (63.9–71.1) 61.9 (57.2–66.6) 0.0025
Gender, male/female 76/99 22/17 15/8 0.0708
Treatment history of HCV (with/without) 48/127 13/26 6/17 0.7378
Past history of HCC (with/without) 42/133 10/29 4/19 0.7420
Past history of diabetes (with/without) 37/138 7/32 8/15 0.2668
Lipid metabolism (with/without) 21/154 7/32 4/19 0.5230
Hypertension (with/without) 92/83 20/19 11/12 0.9092
Fatty liver (with/without) 46/129 11/28 13/10 0.0113 0.0109
FIB-4 index2 4.69 (4.04–5.35) 6.27 (4.88–7.65) 6.71 (4.91–8.51) 0.0269 0.5048
AST, IU/L 46.1 (41.0–51.2) 57.4 (46.5–68.2) 88.5 (74.4–102.6) <0.0001
ALT, IU/L 42.3 (35.1–49.6) 52.2 (36.8–67.6) 97.2 (77.2–117.3) <0.0001
Albumin, g/dL 3.98 (3.91–4.05) 3.95 (3.79–4.11) 3.89 (3.69–4.09) 0.7108
Platelet counts, ×104/μL 14.7 (13.8–15.7) 12.1 (10.1–14.1) 13.2 (10.6–15.8) 0.0495
AFP, ng/mL 13.5 (5.1–21.9) 26.2 (8.3–44.1) 27.3 (4.3–50.3) 0.2921
Ferritin, ng/mL 115.5 (57.8–173.1) 141.1 (5.2–276.9) 270.5 (126.4–414.5) 0.1447
eGFR, mL/min/1.73 m2 68.6 (65.3–71.8) 72.0 (65.1–78.8) 79.7 (70.8–88.7) 0.06

 AST, aspartate transaminase; ALT, alanine aminotransferase; AFP, alpha-fetoprotein; eGFR, estimated glomerular filtration rate.
1 Mean value and 95% CI were shown for contentious variables, and the number of patients in each category was shown for categorical variables.
2 FIB-4 index = age (year) × AST (IU/L)/PLT (109/L) × ALT (IU/L)1/2.
3 For comparison of contentious variables between multiple groups, one-way factorial analysis of variance was performed. For comparison of categorical 

variables, the Pearson’s chi-squared test was applied.
4 p values by multiple logistic regression analysis.
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  Baseline Characteristics that Affect the Posttreatment 
AFP Level in Patients with Abnormal AFP Levels 
before Treatment 
 Next, we focused on patients with AFP levels >5 ng/mL 

before treatment to identify baseline characteristics that 
related to a sustained increase of serum AFP levels after the 
DAA treatment. In 250 patients who achieved SVR12, 126 
showed a pretreatment AFP level >5 ng/mL; we classified 
these patients into 2 groups based on their AFP values at 
SVR24: specifically, 55 patients with an AFP level >5 ng/
mL and 55 patients with an AFP level  ≤ 5 ng/mL (28 were 
missing) were considered. In the univariate analysis, age, 
presence of FL, high FIB-4 index, low ALB level, and low 
PLT counts were significantly associated with the post-
treatment AFP level >5 ng/mL at SVR24 ( p  = 0.0357 for 
age,  p  =  0.0045 for FL,  p  =  0.0247 for FIB-4 index,  p  = 
 0.0123 for ALB level, and  p =  0.0155 for PLT count;  Ta-
ble 4 ). In the multivariate analysis, presence of FL, high 
FIB-4 index, and low pretreatment ALB level were inde-
pendently associated with a posttreatment AFP level 
>5 ng/mL at SVR24 (OR and 95% CI were 6.64 and 2.22–
22.86,  p  = 0.0005 for the presence of FL; 4.46 and 1.21–
19.76,  p  = 0.0232 for FIB-4 index  ≥ 3.25; and 3.96 and 1.35–

12.80,  p  = 0.0115 for pretreatment ALB  ≤ 3.7 vs. 3.8–4.1. 
Age and PLT count were excluded from analysis because 
these were confounding factors for FIB-4 index;  Fig. 1 ).

  Baseline Characteristics Associated with 
Posttreatment ALT Level at SVR24 in Patients with 
Abnormal ALT Levels before Treatment 
 Among 250 patients who achieved SVR12, 150 pa-

tients showed a pretreatment ALT level  ≥ 30 IU/L: we 
classified these patients into 2 groups based on the ALT 
value at SVR24, with 51 patients having an ALT level  ≥ 20 
IU/L and 92 patients having an ALT level <20 IU/L (7 
were missing). In the univariate analysis, age, presence of 
FL, and high pretreatment AST level were significantly 
associated with a posttreatment ALT level  ≥ 20 IU/L at 
SVR24 ( p  = 0.0191 for age,  p =  0.0447 for presence of FL, 
and  p =  0.0211 for pretreatment AST level;  Table 5 ). In 
the multivariate analysis, the presence of FL and high AST 
level were identified to be independently associated with 
a posttreatment ALT level  ≥ 20 IU/L at SVR24 (OR and 
95% CI were 2.2 and 1.02–4.78,  p  = 0.0430 for FL; and 2.22 
and 1.04–4.88,  p  = 0.0368 for pretreatment AST level  ≥ 60 
vs. 30–59, respectively;  Fig. 2 ).

Table 4.  Association between pretreatment factors and AFP value after SVR among patients with baseline AFP >5 ng/mL

Pretreatment factors Patients classified based on AFP value at the time of SVR241  p value

<5 mg/mL (n = 55) >5 mg/mL (n = 43) un ivariate analysis3

Age, years 71.0 (68.2–73.9) 66.4 (63.2–69.7) 0.0357
Gender, male/female 32/23 23/20 0.6422
Treatment history of HCV (with/without) 18/37 14/29 0.9859
Past history of HCC (with/without) 21/34 17/26 0.8915
Past history of diabetes (with/without) 13/42 8/35 0.5469
Lipid metabolism (with/without) 5/50 7/36 0.2814
Hypertension (with/without) 28/27 24/19 0.6292
Fatty liver (with/without) 7/48 16/27 0.0045
FIB-4 index2 5.87 (4.47–7.27) 8.29 (6.71–9.88) 0.0247
AST, IU/L 67.3 (57.9–76.6) 67.8 (57.2–78.4) 0.9450
ALT, IU/L 67.1 (55.4–78.8) 56.8 (43.6–70.0) 0.2513
Albumin, g/dL 3.93 (3.80–4.05) 3.68 (3.54–3.82) 0.0123
Platelet counts, ×104/μL 12.9 (11.4–14.3) 10.1 (8.5–11.8) 0.0155
Ferritin, ng/mL 162.0 (32.8–291.3) 170.6 (33.0–308.2) 0.9270
eGFR, mL/min/1.73 m2 67.0 (60.7–73.3) 76.4 (69.3–83.5) 0.0537

 AST, aspartate transaminase; ALT, alanine aminotransferase; AFP, alpha-fetoprotein; eGFR, estimated glomerular filtration rate.
1 Mean value and 95% CI were shown for contentious variables, and the number of patients in each category was shown for catego-

rical variables.
2 FIB-4 index = age (year) × AST (IU/L)/PLT (109/L) × ALT (IU/L)1/2.
3 For comparison of contentious variables between 2 groups, the Student t test was performed. For comparison of categorical varia-

bles, the Pearson’s chi-squared test was applied.
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  Discussion 

 Recent advancement of antiviral treatment using an 
IFN-free DAA regimen has allowed patients to achieve 
SVR even in refractory cases, such as in the elderly, in 
those with advanced liver fibrosis, and in those who were 

non-responders to previous IFN-based treatment. How-
ever, a subset of patients continued to demonstrate sus-
tained abnormal ALT and AFP levels even after the 
achievement of SVR. It is conceivable that an increase in 
ALT and AFP levels should reflect contentious damage 
and the regeneration of hepatocytes, which should be a 

Clinical
background OR1 95% CI p value

Fatty liver
 with/without 6.64 2.22–

22.86 0.0005

4.46 1.21–
19.76 0.0232

2.51
3.96
1.57

0.70–9.75
1.35–12.8
0.47–5.29

0.1582
0.0115
0.4554

0.1 1.0 10.0 20.0

FIB-4 index2

3.25/ 3.24

Albumin, g/dL
 4.2 /3.8–4.1
 3.7 /3.8–4.1
 3.7 /4.2

  Fig. 1.  OR of baseline characteristics for 
relative risk of sustained increase of AFP 
after SVR among patients with baseline 
AFP >5 ng/mL. ORs and their 95% CI are 
shown as dots and horizontal bars. For 
multivariate Cox regression analysis, we 
categorized contentious variables as fol-
lows;  ≥ 3.25 and  ≤ 3.24 for FIB-4 index, 
 ≤ 3.7, 3.8–4.1, and  ≥ 4.2 g/dL for pretreat-
ment ALB, respectively.  p  values by multi-
ple logistic regression analysis are shown. 
Age and PLT count were excluded from 
multivariate analysis because these are 
confounding factor with FIB-4.  1   OR  = 
odds ratio.  2  FIB-4 index = age (year) × AST 
(IU/L)/PLT (10 9 /L) × ALT (IU/L) 1/2  .  

Table 5 . Association between pretreatment factors and ALT value after SVR among patients with baseline ALT ≥30 IU/ml

Pretreatment factors Patients classified based on ALT value at the time 
of SVR241

 p value

<20 IU/L (n = 92) >20 IU/L (n = 51) univ ariate analysis3

Age, years 68.8 (66.2–71.3) 63.7 (60.3–67.1) 0.0191
Gender, male/female 46/46 33/18 0.0902
Treatment history of HCV (with/without) 30/62 16/35 0.8795
Past history of HCC (with/without) 25/67 13/38 0.8272
Past history of diabetes (with/without) 21/71 12/39 0.9238
Lipid metabolism (with/without) 9/83 9/42 0.1744
Hypertension (with/without) 47/45 26/25 0.9903
Fatty liver (with/without) 23/69 21/30 0.0447
FIB-4 index2 5.47 (4.41–6.54) 6.95 (5.52–8.39) 0.1051
AST, IU/L 61.1 (53.0–69.2) 77.2 (66.3–88.1) 0.0211
ALT, IU/L 62.7 (50.8–74.7) 79.1 (63.1–95.2) 0.1070
Albumin, g/dL 3.95 (3.85–4.06) 3.88 (3.74–4.02) 0.4011
Platelet counts, ×104/μL 13.8 (12.6–15.1) 11.9 (10.2–13.7) 0.0810
AFP, ng/mL 22.2 (7.5–36.9) 31.8 (11.9–51.7) 0.4451
Ferritin, ng/mL 137.8 (46.4–229.3) 225.2 (46.4–229.3) 0.2713
eGFR, mL/min/1.73 m2 72.2 (67.8–76.7) 76.9 (70.9–82.9) 0.2191

 AST, aspartate transaminase; ALT, alanine aminotransferase; AFP, alpha-fetoprotein; eGFR, estimated glomerular filtration rate.
1 Mean value and 95% CI were shown for contentious variables, and the number of patients in each category was shown for catego-

rical variables.
2 FIB-4 index = age (year) × AST (IU/L)/PLT (109/L) × ALT (IU/L)1/2.
3 For comparison of contentious variables between 2 groups, the Student t test was performed. For comparison of categorical varia-

bles, the Pearson’s chi-squared test was applied.
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risk for HCC emergence. In this study, we successfully 
clarified the unique baseline characteristics related to 
high AFP and ALT values after SVR in CHC patients 
treated with DAAs.

  With respect to the CHC patients who achieved SVR12 
in this study, the pretreatment factors significantly relat-
ed to an increase in AFP levels after SVR were high FIB-4 
index, high AST levels, low ALB levels, low PLT counts, 
and high AFP levels; as such, all of these patients should 
reflect a progression of liver fibrosis. In multivariate anal-
ysis, pretreatment AFP level was the only factor that af-
fected AFP levels after SVR ( Table 2 ). Similarly, the pres-
ence of FL, high FIB-4 index, high AST level, high ALT 
level, and low PLT count were revealed as significant pre-
treatment factors for the presence of abnormal ALT val-
ues after SVR by univariate analysis; the presence of FL 
was the only independent factor that contributed to the 
sustained increase in serum ALT levels after the achieve-
ment of SVR ( Table 3 ).

  Subsequently, we specifically focused on patients with 
abnormal baseline AFP ( ≥ 5 ng/mL) and ALT ( ≥ 30 IU/L) 
levels to determine the factors that showed a negative im-
pact on the improvement of AFP and ALT levels after 
treatment. Univariate analysis revealed that older age, the 
presence of FL, high FIB-4 index, low ALB levels, and low 
PLT counts were the refractory factors for the decrease in 
AFP level after SVR. Among them, FL, high FIB-4 index, 
and low ALB levels were revealed as independent factors 
for sustained AFP increase in multivariate analysis. In ad-
dition, FL was also the only factor independently related 
to sustained abnormal ALT levels after the achievement 
of SVR.

  As previously reported, AFP levels were significantly 
different between patients with mild (F0–F2) and ad-

vanced (F3–F4) liver fibrosis, where the average AFP val-
ue in patients with F0–F2 was 10 ng/mL and in those with 
F3–F4, was 23 ng/mL  [33] . However, generally, AFP lev-
els decrease through antiviral therapy, and patients with 
AFP levels <6 ng/mL often show a low incidence of HCC 
emergence regardless of HCV elimination  [5] . Converse-
ly, among SVR patients after pegylated-IFN and RBV 
treatment, a high AFP value  ≥ 5 ng/mL is reportedly as-
sociated with a high incidence of HCC emergence  [34] .

  In contrast, it has also been reported that the cumula-
tive incidence of HCC was significantly higher even in 
SVR patients with an ALT level  ≥ 40 IU/L and an AFP 
level  ≥ 10 ng/mL  [5] . High ALT and AFP values reflect 
present damage and the regeneration of hepatocytes; it is 
possible that hepatocytes carrying DNA damage should 
act as a seed for transformation and their subsequent re-
generation led to the emergence of HCC. In addition, FL 
reportedly induces oxidative DNA damage in cancer-re-
lated genes, which can also be a risk for HCC  [35] . Recent 
reports have also indicated that CHC patients with meta-
bolic features, such as DM, HL, and obesity after IFN 
therapy shows a higher incidence of HCC emergence 
than those without metabolic features and that these find-
ings were with respect to both SVR and non-SVR patients 
 [36] . As IFN-free DAA treatment is widely applicable in 
patients under high risk of HCC, patients with FL, high 
FIB-4 index, and low ALB level should be carefully mon-
itored for HCC emergence even after the achievement of 
SVR.

  In this study, we found that patients with progressive 
liver fibrosis and FL could be refractory to the improve-
ment of AFP and ALT levels after elimination of HCV. 
However, the current study has several limitations. First, 
because of the limited period of observation after SVR, we 

Clinical
background OR1 95% CI p value

Age
 70>/70–74
 70–74/75
 70>/75

2.04
1.05
2.14

0.70–6.54
0.30–3.36
0.95–4.98

0.1930
0.9351
0.0654

Fatty liver
 with/without 2.20 1.02–4.78 0.0430

AST, IU/L
 60 /30–59
 60 /30>
 30–59/30>

2.22
3.65
1.64

1.04–4.88
0.77–26.71
0.32–12.28

0.0368
0.1059
0.5640

0.1 1.0 10.0 20.0

  Fig. 2.  OR of baseline characteristics for 
relative risk of sustained increase of ALT 
after SVR among patients with baseline 
ALT  30 IU/L. ORs and their 95% CI are 
shown as dots and horizontal bars. For 
multivariate Cox regression analysis, we 
categorized age and pretreatment AST as 
follows; <70, 70–74, and  ≥ 75 years old for 
age, <30, 30–59, and  ≥ 60 IU/L for pretreat-
ment AST, respectively.  p  values by multi-
ple logistic regression analysis are shown. 
 1  OR, odds ratio. 

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
16

3.
51

.1
65

.5
 - 

11
/2

0/
20

18
 5

:5
3:

15
 A

M

－619－



 Risk of Sustained Liver Damage in CHC 
Patients Treated with DAAs 

Dig Dis 2017;35:556–564
DOI: 10.1159/000480148

563

could not evaluate the relationship between AFP and 
ALT levels after SVR and the emergence of HCC. Second, 
our single-center analysis may carry a selection bias for 
patient inclusion. For example, the number of patients 
included in this study with metabolic features, such as 
DM, HL, and HT, which might also be a risk for HCC in 
CHC patients after SVR, was limited. To generalize our 
findings, these results should be confirmed by further 
studies using a larger patient cohort.

  In conclusion, it is difficult to improve abnormal AFP 
and ALT levels in patients with advanced liver fibrosis 
with a high FIB-4 index, low ALB level, and FL even after 
the elimination of HCV. These baseline factors could 

predict contentious damage and regeneration of hepato-
cytes, and thus, be a risk for HCC after achievement of 
SVR. Therefore, it is necessary to pay attention to the 
emergence of HCC after DAA treatment in such pa-
tients.
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advanced stage (1/17, 5.9%) with portal venous tumor 
thrombus. Radiofrequency ablation and/or transarterial che-
moembolization were performed in most cases as curative 
therapy (16/17, 94.1%).  Key Messages:  SVR by DAAs did not 
completely prevent the occurrence of HCC. However, even if 
HCC did develop after SVR, curative anticancer therapy was 
applicable in most cases.  © 2017 S. Karger AG, Basel 

 Introduction 

 Hepatocellular carcinoma (HCC) is the third most 
common cause of death worldwide  [1] . Hepatitis C virus 
(HCV) infection and hepatitis B virus infection are the 
major causes of HCC  [2] . HCV is common in southeast 
Asia, Japan, South America, and South Africa  [3] . HCV 
infection causes chronic hepatitis for a long period, re-
sulting in the development of liver cirrhosis  [4] . HCC 
arises from liver cirrhosis and chronic hepatitis with high 
incidence  [5] .Therefore, antiviral therapy and surveil-

 Keywords 
 Direct-acting antivirals · Hepatitis C virus · Hepatocellular 
carcinoma · Sustained viral response 

 Abstract 
  Background:  Interferon-based antiviral therapies against 
hepatitis C virus (HCV) infection have been shown to reduce 
the incidence of hepatocellular carcinoma (HCC) in patients 
with sustained viral response (SVR). Recently, direct-acting 
antivirals (DAAs) have been proven to be much more effec-
tive in achieving SVR than interferon-based therapies. How-
ever, whether DAAs can efficiently prevent the occurrence 
of HCC after SVR remains controversial. To clarify this issue, 
we analyzed the clinical features of patients in whom HCC 
developed after achievement of SVR with DAAs for chronic 
HCV infection.  Summary:  Among patients who achieved 
SVR with daclatasvir and asunaprevir ( n  = 100), HCC devel-
oped in 17 patients (HCC group;  n  = 17) and did not develop 
in 83 patients (non-HCC group;  n  = 83) during a mean obser-
vation period of 15 months. A multivariate Cox proportional 
hazards analysis identified past history of HCC and male sex 
as significant risk factors for the emergence of HCC after 
DAAs. Sixteen cases with HCC after DAAs were in the very 
early or early stage (16/17, 94.1%), and one case was in the 
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lance for HCC are important  [6, 7] . Once HCC is detect-
ed by imaging  [8–11]  or biomarkers  [12, 13] , several 
treatments are applied, such as resection  [14] , ablation 
 [15–19] , transarterial chemoembolization (TACE)  [20–
22],  hepatic arterial infusion chemotherapy  [23, 24]  or 
systemic therapy  [25–27] .

  Interferon has been used for chronic HCV infection 
(CHC) since 1990s. Initially, the rate of sustained viral 
response (SVR) was about 10%  [28] . After ribavirin and 
pegylated-interferon became available, the rate of SVR 
reached 40–50%  [29] . These interferon-based antiviral 
therapies have been shown to reduce the incidence of 
HCC in patients with SVR  [30] . However, interferon is 
not applicable to all patients with HCV because of its pos-
sible side effects and underlying diseases in the patients 
 [31] .

  Recently direct-acting antivirals (DAAs) have been 
proven to be much more effective in achieving SVR than 
interferon-based therapies in patients with CHC. Dacla-
tasvir (DCV) and asunaprevir (ASV) were the first ap-
proved DAAs in Japan. DCV and ASV are inhibitors of 
non-structural protein 5A and NS3/4A of HCV, respec-
tively. A phase III clinical trial of DCV and ASV in pa-
tients with HCV genotype 1b revealed SVR rates of 84.0% 
in non-cirrhotic patients and 90.9% in cirrhotic patients 
 [32] . Currently, more effective DAAs, including the NS5B 
inhibitor sofosbuvir, are available, which can achieve 
SVR rates of more than 95%  [33] . However, whether SVR 
achieved by these DAAs can efficiently prevent the occur-
rence of HCC after SVR remains controversial. To clarify 
this issue, we retrospectively analyzed the clinical features 
of CHC patients who developed HCC after achievement 
of SVR with DCV and ASV.

  Methods 

 In this study, DAAs (DCV 60 mg p.o. + ASV 100 mg p.o. b.i.d. 
for 24 weeks) were administered to 120 patients with CHC and 
serotype 1. The treatment was initiated between September 2014 
and July 2015. SVR was assessed by real-time RT-PCR after 12 
weeks of DAA treatment. Twenty patients with failure to achieve 
SVR and/or suspected HCC at initiation of DAA treatment were 
excluded. Finally, 100 patients were eligible for this study. Rou-
tine surveillance including tumor markers and ultrasound so-
nography was performed to detect suspected HCC after the DAA 
treatment. The final diagnosis of HCC was confirmed by contrast 
ultrasound sonography, contrast-enhanced CT (CE-CT), or con-
trast-enhanced MRI (CE-MRI). The observation period was 
from September 2014 to January 2017. The baseline clinical pa-
rameters before DAA treatment (age, sex, whole blood cell count, 
alanine aminotransferase, albumin, alpha-fetoprotein [AFP], 
past history of HCC) were collected from the individual patient 

records in our hospital. When HCC developed after the end of 
DAA treatment (EOT), the HCC stages and subsequent therapies 
were analyzed.

  Statistical analyses for comparisons between the 2 groups de-
scribed later were performed by the Mann-Whitney U test, chi-
square test, Wilcoxon signed-rank test, Cochran-Armitage test, 
and univariate Cox proportional hazards regression analysis using 
Bell Curve for Excel version 2.0. This study was approved by the 
Ethical Committee of our institute.

  Results 

 The baseline characteristics at initiation of DAA ther-
apy are shown in  Table 1 . The median age was 72.5 years, 
female sex was more dominant than male sex, serotype 
was 1 in all cases, median fibrosis-4 (Fib-4) index was 
4.85, and 26 patients had a past history of HCC (26/100, 
26%). Among the total patients ( n  = 100), 17 patients de-
veloped HCC (HCC group, 17/100, 17%) and 83 patients 
did not develop HCC (non-HCC group, 87/100, 87%) 
during the observation period ( Table 2 ). The clinical pa-
rameters at initiation of DAA treatment were compared 
between the 2 groups.

  In the HCC group, male sex was more dominant, AFP 
was higher, Fib-4 index was higher, and past history of 
HCC was more common compared with the non-HCC 
group ( Table 2 ). AFP at initiation of DAA treatment was 
compared with that at EOT. In the non-HCC group, AFP 
was significantly decreased after DAA therapy compared 

Table 1.  Baseline characteristics of the patients with SVR by DAAs

SVR (n = 100)

Age, years, median (range) 72.5 (26–87)
Male/female 46/54
Serotype 1, n (%) 100 (100)
ALT, IU/L, median (range) 37 (7–309)
ALB, g/dL, median (range) 3.95 (2.6–5.1)
PLT, ×10,000/mm3, median (range) 11.7 (2.5–32.2)
Fib-4 index, median (range) 4.85 (0.40–31.5)
AFP, ng/mL, median (range) 5 (1–701)
Past history of HCC, n (%) 26 (26)
BCLC stage 0/A/B 13/12/1
Number of treatment 1/≥2 11/15
Latest Tx before DAA

resection/RFA/TACE 4/21/1

 BCLC, Barcelona clinical liver cancer; latest Tx, latest treatment 
for HCC before DAA treatment; RFA, radiofrequency ablation; 
TACE, transarterial chemoembolization.

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
16

3.
51

.1
65

.5
 - 

11
/2

0/
20

18
 5

:5
2:

48
 A

M

－623－



 HCC after Achieving of SVR with DCV 
and ASV in Patients with Chronic HCV 

Dig Dis 2017;35:565–573
DOI: 10.1159/000480183

567

with the HCC group ( Table  3 ). In the HCC group, the 
AFP-positive rate at EOT was significantly higher than 
that in the non-HCC group, when the cutoff value for AFP 
was 10 ng/mL ( Table 4 ).

  Next, we analyzed the detailed past history of HCC 
before DAA treatment. The number of treatments for 
previous HCC in the HCC group was significantly high-
er than that in the non-HCC group ( Table 5 ). Barcelona 
clinical liver cancer stage and latest type of therapy for 

previous HCC did not differ significantly between the 2 
groups. Univariate Cox proportional hazards analyses 
identified the past history of HCC and male sex as sig-
nificant risk factors for the emergence of HCC after DAA 
treatment ( Table 6 ). A multivariate analysis confirmed 
that past history of HCC and male sex were significant 
risk factors for HCC development after DAA therapy 
( Table 7 ). The cumulative incidence of HCC after SVR 
was significantly higher in patients with past history of 

Table 2.  Baseline characteristics of the patients with SVR by DAAs in the HCC and non-HCC groups

HCC group (n = 17) Non-HCC group (n = 83) p value

Age, years, median (range) 72 (57–83) 73 (26–87) 0.71
Age >65 years, n (%) 14 (82.4) 66 (61.4) 0.79
Age >75 years, n (%) 7 (41.2) 37 (44.6) 0.80
Male, n (%) 13 (76.4) 33 (39.8) 0.006
ALT, IU/L 45 (8–181) 37 (7–309) 0.28
ALB, IU/L 3.9 (2.6–4.5) 4.0 (2.6–5.1) 0.30
PLT, ×10,000/mm3 8.5 (2.5–18.1) 11.9 (2.5–32.2) 0.07
AFP, ng/mL 9.0 (2.0–35.1) 4 (1–701) 0.009
Fib-4 index 5.68 (1.78–31.5) 4.67 (0.40–22.4) 0.008
Fib-4 ≥3.25, n (%) 14 (82.3) 60 (72.2) 0.39
Past history of HCC, n (%) 12 (70.6) 14 (16.9) <0.001

 Mann-Whitney U test/chi-square test.

Table 3. Comparison of AFP levels at the initiation and end of DAA treatment

HCC group 
(n = 17)

Non-HCC group
(n = 83)

AFP pre, ng/mL, median (range) 9 (2–351) 4 (1–701)
AFP EOT, ng/mL, median (range) 5 (2–96) 3 (1–136)
p value 0.35 <0.001

 Wilcoxon signed-rank test.
AFP, alpha-fetoprotein; AFP pre, AFP levels before DAA treatment; AFP EOT, AFP levels at end of DAA 

treatment.

Table 4. AFP-positive rates at the initiation and end of DAA treatment (cutoff value: 10 ng/mL)

HCC group (n = 17) Non-HCC group (n = 83) p value

AFP pre >10, ng/mL, n (%) 8 (47.1) 24 (28.9) 0.14
AFP EOT >10, ng/mL, n (%) 4 (23.5) 60 (8.5) <0.001

 Chi-square test.
AFP, alpha-fetoprotein; AFP pre, AFP levels before DAA treatment; AFP EOT, AFP levels at end of DAA 

treatment.
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HCC than in patients without past history of HCC ( p  < 
0.001;  Fig. 1 ).

  Among the 17 patients in the HCC group, 12 patients 
had a past history of HCC and were thus recurrences of 
HCC. The remaining 5 patients had no past history of 
HCC ( Table 8 ), and were thus first occurrences of HCC. 
We compared the stages and therapies of HCC after DAA 
treatment between these 2 groups with recurrence of 
HCC ( n  = 12) and first occurrence of HCC ( n  = 5;  Ta-
ble 8 ). In both groups, all cases were in the very early and 
early stage, except for one case in the recurrence group. 
Radiofrequency ablation was applicable in most cases, re-
sulting in complete remission.

  Early occurrences of HCC within 12 weeks after EOT 
were observed in 5 patients ( Table 9 ). All of these patients 
had a past history of HCC. In the 5 cases, the duration 
between latest HCC and initiation of DAA treatment was 
variable, ranging from 75 to 1,818 days. In case 1, RFA 
was performed 11 months before DAA therapy, and local 
recurrence of HCC was observed at EOT. Subsequently 
RFA was performed, resulting in complete remission 
(Fig. 2). In case 2, curative resection of HCC was per-
formed 5 years before DAA therapy; nevertheless, recur-
rence of HCC was observed soon after DAA initiation. In 
case 3, TACE was carried out 5 months before DAA ini-
tiation. Although CE-CT showed complete remission of 

Table 5.  Past history of HCC before DAA treatment

HCC (n = 17) Non-HCC (n = 83) p value

Past history of HCC, n (%) 12 (70.6) 14 (16.9) <0.001
Number of treatment for previous HCC 0/1/≥2 5/4/8 69/7/7 <0.001
Latest BCLC stage 0/A/B 5/6/1 8/6/0 0.34
Latest Tx before DAA resection/RFA/TACE 2/9/1 2/12/0 0.76
Time from latest HCC to DAAs, days 125 (29–1,618) 636 (47–3,017) 0.16

 Cochran-Armitage test/Mann-Whitney U test.
BCLC, Barcelona clinical liver cancer; latest Tx, latest treatment for HCC before DAA treatment; RFA, radio-

frequency ablation; TACE, transarterial chemoembolization.

Table 6.  Univariate Cox proportional hazards regression analyses

Hazard ratio 95% CI p value

Male vs. female 4.61 1.50–14.2 0.008
Age >65 years 1.2 0.36–4.33 0.73
Age >75 years 1.0 0.38–2.62 0.99
Fib-4 index >3.25 1.55 0.45–5.42 0.49
PLT pre <100,000/mm3 0.92 0.83–1.01 0.08
PLT EOT <100,000/mm3 1.57 0.60–4.06 0.36
Fib-4 index >3.25 1.55 0.45–5.42 0.49
AFP pre >10 ng/mL 1.67 0.64–4.33 0.08
AFP EOT >10 ng/mL 2.99 0.96–9.29 0.06
Past history of HCC + vs. – 8.54 3.00–24.29 <0.001

 pre, values before DAA treatment; EOT, values at end of DAA treatment.

Table 7.  Multivariate Cox proportional hazards regression analysis

Hazard ratio 95% CI p value

Male vs. female 3.42 1.10–10.67 0.008
Past history of HCC+ vs. – 7.07 2.46–20.33 <0.001
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HCC before DAA therapy, portal venous tumor throm-
bus developed soon after EOT ( Fig. 3 ).

  Finally, we analyzed patients without a past history of 
HCC before DAA therapy ( n  = 74). We did not detect any 
significant risk factors for the occurrence of HCC ( n  = 5), 
possibly because of the small sample number (data not 
shown).

  Discussion 

 Chronic HCV infection is considered to be one of the 
major risk factors for the development of HCC  [2] . 
Chronic inflammation induced by HCV may lead to the 
accumulation of genetic mutations and epigenetic altera-
tions in hepatocytes, resulting in hepatic carcinogenesis 
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  Fig. 1.  Cumulative incidence of hepatocel-
lular carcinoma (HCC) emergence accord-
ing to the past history of HCC, before di-
rect-acting antiviral (DAA) treatment. 
Data were evaluated by using the Kaplan-
Meier method ( p  < 0.001). EOT, end of 
DAA treatment. 

Table  8. Stages and therapy of HCC after DAA treatment

Recurrence of 
HCC (n = 12)

First occurrence 
of HCC (n = 5)

BCLC stage (0/A/B/C) 5/6/0/1 3/2/0/0
Treatment of HCC RFA/TACE/HAIC 11/1*/1 5/0/0
Successful complete remission, n (%) 11 (92) 5 (100)

 * RFA with TACE.
BCLC, barcelona clinical liver cancer; HAIC, hepatic arterial injection chemotherapy; RFA, radiofrequency 

ablation; TACE, transarterial chemoembolization.

Table 9.  Early recurrences of HCC after EOT (within 3 months)

Age Gender Latest 
HCC
BCLC

Latest Tx 
for previous
HCC

Latest HCC 
to DAA, 
days

DCV + 
ASV, 
weeks

EOT to 
HCC, 
days

HCC 
BCLC

Tx for 
HCC

Case 1 82 M 0 RFA 327 24 0 A RFA
Case 2 77 M 0 Resection 1,618 24 7 A RFA
Case 3 83 M A TACE 153 24 28 C* HAIC
Case 4 72 F 0 RFA 653 24 62 0 RFA
Case 5 83 M 0 RFA 75 8 84 A RFA

 BCLC, barcelona clinical liver cancer; Tx for HCC, treatment for recurrent HCC; C*, HCC with PVTT; HAIC, 
hepatic arterial injection chemotherapy.
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 [34] . Interferon-based therapies have been available as 
antiviral therapies for a long time  [35] . SVR by interferon 
can reduce the risk of HCC development  [30] , possibly 
via termination of additional accumulation of genetic al-
terations. The effect of interferon has been further en-
hanced by its combination with protease inhibitors, such 
as telaprevir or simeprevir  [36, 37] . However, the indica-
tions for interferon are limited and careful management 

is required because of its adverse effects, such as throm-
bocytopenia and autoimmune diseases  [38] .

  As the first generation of interferon-free antiviral 
treatments, DCV and ASV were approved in 2014  [32, 
39] . The rate of SVR with DCV and ASV is more than 
90%, unless the target HCV is drug-resistant  [40] . We are 
now in the age when almost 100% SVR can be achieved 
by DAAs, including sofosbuvir for CHC  [33] . Our con-

  Fig. 2.  Recurrent hepatocellular carcinoma (HCC) at end of direct-
acting antiviral (DAA) treatment in an 82-year-old male (case 1). 
 a ,  b  Arterial phase of contrast-enhanced CT shows local recurrent 

HCCs (arrows) near the previously ablated area. Alpha-fetopro-
tein was 4 ng/mL.  c ,  d  Radiofrequency ablation was performed for 
HCC, resulting in complete remission. 

  Fig. 3.  Recurrent hepatocellular carcinoma (HCC) with portal ve-
nous tumor thrombus (PVTT) after direct-acting antiviral (DAA) 
treatment in an 83-year-old-male (case 3).  a  Conventional trans-
arterial chemoembolization using epirubicin and Lipiodol with 
Gelpart was performed for HCC. DAA treatment was started at 
153 days after confirmation of complete remission by contrast-

enhanced CT. Alpha-fetoprotein (AFP) was 9 ng/mL at initiation 
of DAA treatment.  b  HCC developed with PVTT (arrow) at 
4 weeks after end of DAA treatment. AFP was 7 ng/mL at the time 
of HCC development. Hepatic intra-arterial chemotherapy with 
cisplatin was performed for HCC.     
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cern was whether SVR by DAAs can efficiently inhibit 
hepatic carcinogenesis.

  In the present study, SVR by DCV and ASV did not 
completely inhibit the emergence of HCC. HCC devel-
oped in 17 patients (17/100, 17%). In some cases, such as 
case 1, HCC appeared in proximity to a previously ab-
lated area and was considered to be a local recurrence. In 
other cases, recurrent HCC was considered to be de novo 
cancer, although it was sometimes difficult to distinguish 
local recurrence from de novo cancer. It was also possible 
that minor intrahepatic metastasis already existed before 
DAA treatment. Past history of HCC is considered to be 
one of the most significant risk factors for HCC recur-
rence. Indeed, our univariate and multivariate Cox pro-
portional hazards analyses identified past history of HCC 
and male sex as significant risk factors for the emergence 
of HCC after DAA treatment.

  Early occurrences of HCC within 12 weeks after EOT 
were observed in 5 patients in the present study. It may 
be noteworthy that all 5 patients had a past history of 
HCC. In case 3, portal venous tumor thrombus devel-
oped soon after the initiation of DAA treatment. Unfor-
tunately, curative therapy was not applicable for recur-
rent HCC. It is possible that CE-CT was not sufficient to 
determine complete remission of HCC after TACE be-
cause of the accumulation of Lipiodol. In this regard, as-
sessment of the therapeutic effect of TACE should have 
been performed by CE MRI, instead of CE-CT. However, 
it is also possible that rapid suppression of the anticancer 
immune system by rapid clearance of HCV by the DAA 
therapy resulted in rapid growth of HCC  [41] .

  There are several reports consistent with our observa-
tions of unexpected early recurrence of HCC after SVR 
by DAAs. Reig et al.  [42]  reported that 16 of 58 patients 
(16/58, 27.6%) with past history of HCC developed recur-
rence of HCC after DAA treatment during a median fol-
low-up of 5.7 months. They concluded that HCC recur-
rence could occur with an unexpected high rate even after 
DAA therapy. Conti et al.  [43]  reported that occurrence 
and recurrence of HCC were not reduced in CHC despite 
DAA treatment. While both of these reports clearly sug-
gest that DAAs cannot completely prevent HCC even af-
ter SVR, they did not include comparisons with a control 
group, such as interferon-treated patients. The present 
study also lacks a control group.

  There are several previous reports involving compari-
sons of effects between DAAs and interferon on hepatic 
carcinogenesis. Among CHC patients with no past his-
tory of HCC, Kobayashi et al.  [44]  assessed HCC develop-
ment in patients with SVR after DAA or interferon-based 

regimens. To fairly compare the risk of HCC between the 
2 groups, they performed a propensity score-matching 
analysis. They found no significant difference in the rates 
of HCC development between the 2 groups, and thus 
concluded that SVR by DAAs reduces the incidence of 
HCC in CHC patients to the same extent as SVR by inter-
feron. Another report showed that the risks of early HCC 
occurrence and recurrence after SVR were similar be-
tween interferon-based and interferon-free therapies 
 [45] . These reports clearly show that SVR by DAAs does 
not increase the risk of HCC.

  Based on the above reports, the main factor that can 
account for the high rate of HCC occurrence in our study 
may be the high rate of past history of HCC (26/100, 
26%). In the HCC group, the median Fib-4 index was 5.68 
and most cases (14/17, 82%) had advanced fibrosis. Fi-
brosis is considered to result from long-term chronic in-
flammation, during which genetic and epigenetic altera-
tions can accumulate in hepatocytes  [34] . Actually, HCC 
developed in 5 patients among those with no past history 
of HCC (5/74, 6.8%). Preexisting hepatic fibrosis before 
DAA treatment may be a cause of HCC development in 
these cases. There is some consistency with a previous re-
port indicating that Fib-4 index exceeding 3.25 was one 
of the risk factors for HCC development after SVR by 
DAAs  [44] .

  AFP is not only a tumor marker of HCC, but also a 
marker of regeneration of hepatocytes  [46] . Regenera-
tion of hepatocytes is active in the liver of CHC patients, 
wherein AFP may exhibit high values. Either interferon 
or DAAs can terminate active regeneration of hepato-
cytes, meaning that AFP can become normalized after 
SVR. Asahina et al.  [47]  reported that higher post-inter-
feron treatment AFP level was identified as an indepen-
dent factor significantly associated with HCC develop-
ment. In agreement with their observation for interfer-
on, a decrease in AFP after DAA treatment was observed 
in the non-HCC group, while the decrease in AFP was 
not significant in the HCC group. An insignificant de-
crease in AFP after EOT would indicate residual HCC or 
hepatitis, such as non-alcoholic steatohepatitis. Careful 
attention should be paid to the detection of HCC after 
DAA treatment, especially when AFP is not decreased at 
EOT.

  There are certain limitations to this study. First, it was 
a retrospective and non-controlled study. Second, only 
DCV and ASV were administered to the patients in this 
study. Currently, several sets of DAAs are available, and 
analyses of HCC after treatment with other kinds of 
DAAs are in progress. As the background of CHC pa-
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tients treated with interferon is quite different from that 
of patients treated with DAAs, comparisons with inter-
feron are being performed using propensity score-match-
ing analyses.

  In conclusion, HCC can develop even after SVR by 
DAAs, especially when patients have a past history of 
HCC. In this high-risk group, surveillance for HCC de-
tection after achievement of SVR is required.
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of non-hypervascular hypointense hepatic nodules and new 
intrahepatic recurrence. The aim of this study was to evalu-
ate the relationship between non-hypervascular hypoin-
tense hepatic nodules on Gd-EOB-DTPA-enhanced MRI and 
IDR after RFA, focusing on new intrahepatic recurrence. 
 Methods:  Ninety-one consecutive patients with 115 HCCs 
undergoing pretreatment Gd-EOB-DTPA-enhanced MRI and 
RFA for treatment of HCC were enrolled.  Results:  Of the 91 
patients who underwent RFA for HCC, 24 had non-hypervas-
cular hypointense hepatic nodules on pretreatment Gd-
EOB-DTPA-enhanced MRI. Recurrences were observed in 15 
and 19 patients with and without non-hypervascular hy-
pointense hepatic nodules, respectively. Of the 15 recur-
rences in patients with non-hypervascular hypointense he-
patic nodules, 10 patients had new intrahepatic recurrences. 

 Keywords 
 Hepatocellular carcinoma · Non-hypervascular 
hypointense hepatic nodules · Radiofrequency ablation · 
Gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic 
acid-enhanced MRI · Recurrence 

 Abstract 
  Background:  Non-hypervascular hypointense hepatic nod-
ules during the hepatobiliary phase of gadolinium-ethoxy-
benzyl-diethylenetriamine pentaacetic acid (Gd-EOB-DTPA)-
enhanced MRI have been reported to be associated with in-
trahepatic distant recurrence (IDR) after hepatectomy or 
radiofrequency ablation (RFA) for hepatocellular carcinoma 
(HCC). IDR is categorized into hypervascular transformation 
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The cumulative incidence of new intrahepatic recurrence 
was significantly higher in patients with non-hypervascular 
hypointense hepatic nodules than in those without non-hy-
pervascular hypointense hepatic nodules ( p  < 0.0001). Mul-
tivariate analysis revealed that the presence of non-hyper-
vascular hypointense hepatic nodules and Child-Pugh score 
were independent risk factors for new intrahepatic recur-
rence.  Conclusions:  Non-hypervascular hypointense hepat-
ic nodules during the hepatobiliary phase of Gd-EOB-DTPA-
enhanced MRI were a useful predictive factor for IDR, par-
ticularly for new intrahepatic recurrence, after RFA. 

 © 2017 S. Karger AG, Basel 

 Introduction 

 Hepatocellular carcinoma (HCC) is one of the most 
common cancers worldwide  [1–3] . In the United States, 
HCC incidence rates are increasing. This increase is prob-
ably caused by an increase in the number of patients with 
chronic hepatitis C virus (HCV) infection due to injec-
tion drug abuse, or an increase in the number of patients 
with obesity and diabetes mellitus  [4, 5] . In Japan, HCC 
is still ranked as the most common cause of death from 
malignant neoplasms, though HCC rates are decreasing 
due to a reduction in patients with HCV infection  [1, 6] . 
The advent of direct-acting antivirals has provided high 
sustained viral response rates in patients with HCV infec-
tion. However, the achievement of a sustained viral re-
sponse does not eliminate the risk of HCC completely, 
particularly in patients with liver cirrhosis complications 
 [7] . The detection of HCC in the early stage is important 
for prognosis and for selecting appropriate therapeutic 
methods.

  The diagnostic performance of various imaging mo-
dalities for HCC, such as ultrasound  [8–10] , multidetec-
tor-row CT (MDCT)  [11, 12] , angiography-assisted CT 
 [13] , and MRI  [14]  has improved notably, and small HCC 
less than 2 cm in diameter can be detected. The diagnos-
tic performance of CT during hepatic arteriography and 
CT during arteriography for small hypervascular HCC 
have been reported to be the most sensitive  [15–17] . 
However, because CT during hepatic arteriography and 
CT during arteriography are invasive, dynamic CT and 
MRI are recommended for regular screening of HCC in 
Japan  [18] . Because gadolinium-ethoxybenzyl-diethyl-
enetriamine pentaacetic acid (Gd-EOB-DTPA) is selec-
tively taken up by hepatocytes and excreted into bile 
ducts, information about hepatocyte function can be ob-
tained  [19] . The diagnostic performance was improved 

with Gd-EOB-DTPA enhanced MRI when the hepatobi-
liary phase was added to dynamic studies for evaluation 
 [20–25] . The detection of non-hypervascular hypoin-
tense hepatic nodules was increased by Gd-EOB-DTPA 
enhanced MRI. Recently, non-hypervascular hypoin-
tense hepatic nodules during the hepatobiliary phase in 
HCC patients have been reported to be a significant risk 
factor for the recurrence after HCC treatment  [26–28] . In 
these reports, intrahepatic recurrence includes hypervas-
cular transformation of non-hypervascular hypointense 
hepatic nodules during the hepatobiliary phase of pre-
treatment Gd-EOB-DTPA-enhanced MRI  [25] . In pa-
tients with non-hypervascular hypointense hepatic 
 nodules, there are a few reports about the evaluation of 
intrahepatic distant recurrence (IDR) rates except hyper-
vascular transformation of non-hypervascular hypoin-
tense hepatic nodules during the hepatobiliary phase of 
pretreatment Gd-EOB-DTPA-enhanced MRI.

  The purpose of the present study was to evaluate the 
relationship between non-hypervascular hypointense he-
patic nodules on Gd-EOB-DTPA-enhanced MRI and 
IDR after radiofrequency ablation (RFA)  [29] , focusing 
on new intrahepatic recurrence.

  Methods 

 Patients 
 This retrospective study was approved by Institutional Review 

Board of Ikeda Municipal Hospital, and the requirement for in-
formed consent was waived. This study was conducted in compli-
ance with the Declaration of Helsinki. At our institution between 
March 2008 and January 2015, 91 consecutive patients with 115 
HCC underwent RFA. The inclusion criteria of this study were as 
follows: (1) patients who had HCC diagnosed based on the typical 
vascular pattern of HCC defined by the American Association for 
the Study of Liver Disease  [30] ; (2) patients who underwent Gd-
EOB-DTPA-enhanced MRI within 2 months of RFA between 
March 2008 and January 2015; and (3) patients who did not un-
dergo pretreatment including hepatectomy, RFA, or percutaneous 
ethanol injection. We enrolled patients who underwent transcath-
eter arterial chemoembolization (TACE) prior to RFA when the 
treatments were sequentially performed.

  Diagnosis of HCC Recurrence 
 The diagnosis of HCC recurrence was made using the typical 

vascular pattern of HCC defined by the American Association for 
the Study of Liver Disease. The typical vascular pattern is defined 
as hypervascularity in the arterial phase, and washout in portal ve-
nous and equilibrium phase. In Gd-EOB-DTPA-enhanced MRI, 
the diagnosis of HCC was also made when the lesion showed arte-
rial hypervascularity and hypointensity in the hepatobiliary phase 
or arterial hypervascularity, portal venous phase washout, and hy-
perintensity in hepatobiliary phase. However, some of the non-
hypervascular nodules that emerged during the follow-up period 
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were diagnosed by liver biopsy. Histological diagnosis of HCC was 
made according to the histological criteria of the International 
Consensus Group for Hepatocellular Carcinoma by one patholo-
gist with more than 10 years of experience.

  Recurrence was categorized into local tumor progression 
(LTP), IDR, and extra-hepatic metastases (EM). LTP was defined 
as the development of a new hypervascular tumor adjacent to the 
ablation zone. IDR was defined as a new nodular HCC, which de-
veloped at a location away from the ablation zone. Moreover, the 
type of IDR in this study was categorized as follows: (1) recurrence 
of hypervascular transformation of non-hypervascular hypoin-
tense hepatic nodules ( Fig. 1 A) and (2) new intrahepatic recur-
rence ( Fig. 1 B). Patients with LTP and EM recurrence after RFA 
were excluded for further analyses.

  Assessment of Non-Hypervascular Hypointense Hepatic 
Nodules 
 Non-hypervascular hypointense hepatic nodules were defined 

as follows; (1) low intensity signal nodules during the hepatobiliary 
phase of Gd-EOB-DTPA-enhanced MRI and (2) nodule diameter 
greater than 3.5 mm. Hypervascular nodules on dynamic CT or 
Gd-EOB-DTPA-enhanced MRI and high intensity signal nodules 

on heavily T2-weighted images on Gd-EOB-DTPA-enhanced 
MRI were excluded.

  Treatment and Follow-Up 
 One of the three hepatologists with more than 10 years of ex-

perience performed RFA percutaneously under real-time ultra-
sound guidance using a 17-gauge single electrode with a 2- or 3-cm 
exposed tip (Cool-tip; RF Ablation System, Covidien, Boulder, Co-
lombia, CO). We used artificial pleural effusion or ascites when it 
was difficult to detect the guideline of the electrode for RFA be-
cause nodules were located on the liver surface, in the hepatic 
dome, or adjacent to the gastrointestinal tract or gallbladder. One 
to two sessions of RFA were performed to achieve complete necro-
sis of the tumor.

  After RFA, dynamic CT and Gd-EOB-DTPA-MRI were per-
formed no later than 7 days and 1 month to evaluate for complica-
tions and treatment efficacy. Treatment efficacy was evaluated by 
side-by-side comparison between pretreatment CT/MRI and post-
treatment CT/MRI with the consensus between an abdominal ra-
diologist and the RFA operator, both with more than 10 years of 
experience. If a viable tumor was observed on posttreatment imag-
ing modalities, additional treatment was performed. Dynamic CT 

c e
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  Fig. 1.   A  A 66-year-old woman with hepatitis C of a hypervascular 
transformation of non-hypervascular hypointense hepatic nod-
ules during the hepatobiliary phase of gadolinium-ethoxybenzyl-
diethylenetriamine pentaacetic acid (Gd-EOB-DTPA)-enhanced 
MRI.  a  In the arterial phase, Gd-EOB-DTPA-enhanced MRI 
shows a slightly hypervascular nodule in segment 8 (arrow), ( b ) 
with hypointensity during the hepatobiliary phase of Gd-EOB-
DTPA-enhanced MRI (arrow head).  c  Gd-EOB-DTPA-enhanced 

MRI does not show a hypervascular focal lesion, ( d ) whereas the 
hepatobiliary phase of Gd-EOB-DTPA-enhanced MRI shows a 
hypointense nodule in segment 3 (arrow head).  e  After 7 months 
of RFA for HCC in segment 8, a non-hypervascular hypointense 
nodule in segment 3 became a hypervascular nodule (arrow), ( f ) 
with growing hypointense nodules during the hepatobiliary phase 
image of Gd-EOB-DTPA-enhanced MRI (arrow head).  
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or Gd-EOB-DTPA-MRI was performed every 3 months after com-
plete treatment until January 2015. The blood test and monitoring 
of tumor markers were also performed every 3 months.

  Dynamic MDCT and MR Examinations 
 Dynamic MDCT was performed by 64-channel MDCT scan-

ners (Discovery CT 750HD; GE Healthcare, Milwaukee, WI, 
USA). The slice thickness was 5 mm. All patients were given 600 
mg of iodine per kilogram of body weight with 300 or 370 mg/mL 
of nonionic contrast medium and a maximum dose of 150 mL per 
patient. The warmed contrast medium was administered intrave-
nously with a mechanical power injector at 2.5–5 mL/s with a fixed 
injection duration of 30 s through a 20-gauge catheter inserted into 
an arm vein. Dynamic triple-phase CT was performed immedi-
ately before contrast medium administration and during the he-
patic arterial-dominant, portal venous-dominant, and equilibri-
um phases 30–45, 65–80, and 180–205 s, respectively, after initiat-
ing the contrast material injection  [31, 32] .

  Gd-EOB-DTPA-enhanced MRI was performed using a 1.5 T 
MR scanner (Signa EXCITE HD version 12; GE Healthcare)  [32, 
33] . Unenhanced, arterial, portal, late, and hepatobiliary phase im-
ages were obtained just before and 25, 70, 180 s, and 20 min, re-
spectively, after bolus injection of 25 μmol/kg body weight (0.1 

mL/kg) Gd-EOB-DTPA (Primovist; Bayer-Schering Pharma, Osa-
ka Japan) at a rate of 2.0 mL/s, using T1-weighted 3-dimensional 
gradient-echo sequences in a single breath hold (18–20 s). Liver 
acquisition with volume acceleration with fat saturation was used 
as a sequence, and the MR parameters were TR, 4.5 ms; TE, 2.2 ms; 
flip angle, 12°; SENSE factor, 2; slice thickness, 5 mm; slice interval, 
2.5 mm; matrix, 192 × 320; and field of view, 360 mm.

  Statistical Analysis 
 Recurrence curves were estimated using the Kaplan-Meier 

method. The univariate and multivariate Cox proportional haz-
ards models were used for the analysis of risk factors related to 
recurrence, independently  [34] . Various factors were analyzed as 
follows: age, sex, etiology (e.g., HBV and HCV), Child-Pugh score, 
albumin, total bilirubin, prothrombin, platelet count, tumor size, 
number of tumors, alpha-fetoprotein, protein induced by vitamin 
K absence or antagonist-2, presence of diabetes mellitus, history of 
TACE, fibrosis-4 index. Factors showing statistical significance in 
the univariate analysis were subsequently analyzed using the mul-
tivariate Cox proportional hazard regression model with stepwise 
selection.

  All statistical analyses were performed with EZR (Saitama 
Medical Center, Jichi Medical University, Saitama, Japan), which 
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  Fig. 1.   B  A 78-year-old woman with hepatitis C recurrence of a new 
intrahepatic lesion.  a  In the arterial phase, Gd-EOB-DTPA-en-
hanced MRI shows a hypervascular nodule of segment 5 (arrow), 
( b ) with hypointensity during the hepatobiliary phase of Gd-EOB-
DTPA-enhanced MRI (arrow head).  c  Gd-EOB-DTPA-enhanced 
MRI does not show a hypervascular focal lesion in segment 8, ( d ) 
whereas the hepatobiliary phase image shows a hypointense nod-
ule (arrow head).  e ,  f  In segment 3, Gd-EOB-DTPA-enhanced 

MRI does not show any focal lesion in the arterial or hepatobiliary 
phase.  g ,  h  After 1 year 6 months of RFA of HCC in segment S5, 
the non-hypervascular hypointense hepatic nodule during the 
hepatobiliary phase of Gd-EOB-DTPA-enhanced MRI in segment 
8 increased slightly in size (arrow). i A new hypervascular nodule 
emerged in segment 3 (arrow), (j) with hypointensity during the 
hepatobiliary phase of Gd-EOB-DTPA-enhanced MRI (arrow 
head). 
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is a graphical user interface for R (The R Foundation for Statistical 
Computing, Vienna, Austria). More precisely, it is a modified ver-
sion of R commander designed to add statistical functions fre-
quently used in biostatistics  [35] . All  p  values were derived from 
2-tailed tests, with  p  < 0.05 considered statistically significant.

  Results 

 Patient Characteristics and Evaluation of 
Non-Hypervascular Hypointense Hepatic Nodules 
 The characteristics of the 91 patients studied are pre-

sented in  Table 1 . There were 50 men and 41 women with 
a mean age of 72.9 years. The mean tumor size was 16.0 ± 
6.5 mm (mean ± SD; range 5–39 mm). Fifty-seven (62.6%) 
of the 91 patients received TACE before RFA.

  Of the 91 patients with a median follow-up of 39.5 ± 
21.9 months (mean ± SD; range 2–87) after RFA, non-
hypervascular hypointense hepatic nodules were ob-
served in 24 (26.4%) patients on pretreatment Gd-EOB-
DTPA-enhanced MRI. We categorized patients into 2 
groups, with and without non-hypervascular hypoin-
tense hepatic nodules.

  Cumulative Incidence of Recurrence 
 HCC recurrence was observed in 34 patients after 

RFA. Overall cumulative incidence of recurrence at 1, 3, 
and 5 years were 13.5, 41.4, and 47.2%, respectively.

  HCC recurrence was observed in 15 (62.5%) patients 
with non-hypervascular hypointense hepatic nodules, 
and 19 (28.4%) patients without non-hypervascular hy-
pointense hepatic nodules. Of the 15 recurrences in pa-
tients with non-hypervascular hypointense hepatic 
nodules, 10 were new intrahepatic recurrences. The cu-
mulative incidence of IDR of HCC was significantly 
higher in patients with non-hypervascular hypointense 
hepatic nodules than in patients without non-hypervas-
cular hypointense hepatic nodules ( p  < 0.0001,  Fig. 2 A; 
cumulative recurrence rates at 1, 3, and 5 years; 33.3, 
69.9, and 69.9% in patients with non-hypervascular hy-
pointense hepatic nodules; 6.1, 30.6, and 37.8% in pa-
tients without non-hypervascular hypointense hepatic 
nodules, respectively). In univariate analysis, tumor 
number, Child-Pugh score, and the presence of non-
hypervascular hypointense nodules were extracted as 
factors for recurrence with a  p  value of less than 0.20. 
Multivariate analysis revealed that independent risk 
factors for recurrence were Child-Pugh score and the 
presence of non-hypervascular hypointense nodules 
( Table 2 ).

  New intrahepatic recurrence was observed in 29 pa-
tients, of which 3 were diagnosed with HCC recurrence 
histologically. Twenty-nine recurrences of a new intrahe-
patic lesion were observed in 10 and 19 patients with and 
without non-hypervascular hypointense hepatic nodules, 
respectively. The cumulative incidence of new intrahe-
patic recurrence was also significantly higher in patients 
with non-hypervascular hypointense hepatic nodules 
than in patients without non-hypervascular hypointense 
hepatic nodules ( p  = 0.02,  Fig. 2 B; cumulative recurrence 
rates at 1, 3, and 5 years; 25.9, 50.9, and 50.9% in patients 
with non-hypervascular hypointense hepatic nodules; 
6.1, 30.6, and 37.8% in patients without non-hypervascu-
lar hypointense hepatic nodules, respectively). In univar-
iate analysis, tumor number, Child-Pugh score, and the 
presence of non-hypervascular hypointense hepatic nod-
ules were extracted as factors for recurrence with a  p  val-
ue of less than 0.20. Multivariate analysis revealed that 
independent risk factors for new intrahepatic recurrence 
were Child-Pugh score and the presence of non-hyper-
vascular hypointense hepatic nodules ( Table 3 ).

  Discussion 

 Various factors related to recurrence after RFA for 
HCC have been reported, such as tumor diameter, tumor 
number, serum alpha-fetoprotein levels, serum protein 
induced by vitamin K absence or antagonist-2 levels, an-

Table 1.  Baseline characteristics of 91 patients

Age,years, mean ± SD (range) 72.9±8.7 (49–89)
Gender, male/female 50/41
Etiology (HBV-related/HCV-related/

alcoholic/other) 9/59/7/16
Child-Pugh classification (A/B) 79/12
Albumin, g/dL, mean ± SD 3.69±0.43
Total bilirubin, mg/dL, mean ± SD 0.99±0.53
Prothrombin, % 82.1±10.5
Platelet count, ×104/mL 10.9±4.14
Tumor size, mm, mean ± SD (range) 16.0±6.5 (5.0–39.0)
Number of tumors (single/multiple) 70/21
AFP, ng/dL, mean ± SD (range) 31.6±68.7 (1.53–491.0)
PIVKA II, mAU/mL, mean ± SD (range) 145.9±623.6 (10.0–5,240.0)
Diabetes mellitus (absent/present) 60 (65.9)/31 (34.1)
TACE (absent/present) 57 (62.6)/34 (37.4)
Fib-4 index 6.54±3.77 (1.24–21.2)

 HBV, hepatitis B virus; HCV, hepatitis C virus; AFP, alpha-fetoprotein; 
PIVKA II, protein induced by vitamin K absence or antagonists II; TACE, 
transcatheter arterial chemoembolization; Fib-4, fibrosis-4 index.
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ti-HCV, Child-Pugh score, and platelet count  [36–40] . 
However, due to the variety of recurrence forms such as 
LTP, IDR, and EM, the evaluation for risk factors related 
to HCC recurrence after treatment is complicated. Previ-
ous studies have reported that most recurrences after 

RFA were not LTP but distant recurrence  [36, 41] . The 
frequency of IDR in this study was similar to that of pre-
vious studies  [36, 37, 41] . Toyoda et al.  [26, 28]  reported 
that the presence of non-hypervascular hypointense he-
patic nodules detected during the hepatobiliary phase of 
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Fig. 2. Cumulative incidence of intrahepatic distant recurrence of 
HCC after RFA in patients with and without non-hypervascular 
hypointense hepatic nodules during the hepatobiliary phase image 
of Gd-EOB-DTPA-enhanced MRI.  a  Comparison of cumulative 
incidence of total intrahepatic distant HCC recurrence after RFA 
in patients with and without non-hypervascular hypointense he-
patic nodules during the hepatobiliary phase of Gd-EOB-DTPA-
enhanced MRI. The cumulative incidence of recurrence was sig-
nificantly higher in patients with non-hypervascular hypointense 

hepatic nodules than in those without non-hypervascular hypoin-
tense hepatic nodules ( p  < 0.0001).  b  Comparison of cumulative 
incidence of new intrahepatic recurrence after RFA in patients 
with and without non-hypervascular hypointense hepatic nodules. 
The cumulative incidence of new intrahepatic recurrence was sig-
nificantly higher in patients with non-hypervascular hypointense 
hepatic nodules than in those without non-hypervascular hypoin-
tense hepatic nodules ( p  = 0.02).

Table 2.  Univariate and multivariate analyses of factors associated with intrahepatic distant recurrence after radiofrequency ablation

 Factor Univariate analysis  Multivariate analysis

risk ratio (95% CI) p value risk rat io (95% CI) p value

Age, years 0.99 (0.96–1.04) 0.81
Gender, male 1.30 (0.65–2.60) 0.46
Etiology (HCV or others) 0.93 (0.46–1.89) 0.85
Child-Pugh score (B) 2.45 (1.06–5.65) 0.04 2.87 (1.23–6.69) 0.01
Platelet count, ×104/mL 0.99 (0.91–1.08) 0.83
Tumor size 1.02 (0.97–1.07) 0.43
Number of tumors (multiple) 1.84 (0.87–3.85) 0.11
AFP 1.00 (0.99–1.01) 0.21
PIVKA II 1.00 (0.99–1.00) 0.91
Diabetes mellitus (present) 1.28 (0.65–2.55) 0.47
TACE (present) 1.17 (0.59–2.32) 0.65
Fib-4 index 1.03 (0.94–1.12) 0.53
Non-hypervascular hypointense hepatic nodule (present) 4.03 (1.99–8.18) <0.01 4.37 (2.13–8.86) <0.01

 HCV, hepatitis C virus; AFP, alpha-fetoprotein; PIVKA II, protein induced by vitamin K absence or antagonists II; TACE,  transca-
theter arterial chemoembolization; Fib-4, fibrosis-4 index.
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Gd-EOB-DTPA-enhanced MRI is a risk factor for HCC 
recurrence after treatment, especially multicentric recur-
rence. In addition, they found that the majority of multi-
centric recurrence involved the hypervascular transfor-
mation of non-hypervascular hypointense hepatic nod-
ules preoperatively with Gd-EOB-DTPA-enhanced MRI. 
However, a higher recurrence rate was observed in pa-
tients with non-hypervascular hypointense hepatic nod-
ules even when the nodules themselves did not progress 
to HCC in their recent study  [28] . In their study, they re-
ported that the presence of non-hypervascular hypoin-
tense hepatic nodules detected during the hepatobiliary 
phase of Gd-EOB-DTPA-enhanced MRI is a risk factor 
for HCC recurrence after treatment. Lee et al.  [27]  classi-
fied the HCC recurrence after RFA into 3 groups (LTP, 
IDR, and EM), and they found a significantly higher cu-
mulative incidence of IDR in patients with non-hypervas-
cular hypointense hepatic nodules after RFA for early 
stage HCCs.

  Our study confirmed that HCC recurrence after RFA 
was significantly higher in patients with non-hypervas-
cular hypointense hepatic nodules than in those with-
out non-hypervascular hypointense hepatic nodules, 
which was consistent with previous reports  [26, 27] . 
The independent risk factors for HCC recurrence after 
RFA were Child-Pugh score and the presence of non-
hypervascular hypointense hepatic nodules. In addi-
tion, we categorized IDR into 2 forms of recurrence, 
hypervascular transformation of non-hypervascular hy-

pointense hepatic nodules and new intrahepatic recur-
rence. We revealed that the rate of new intrahepatic re-
currence was also significantly higher in patients with 
non-hypervascular hypointense hepatic nodules than in 
those without non-hypervascular hypointense hepatic 
nodules. Furthermore, multivariate analysis revealed 
that independent risk factors for new hepatic recur-
rence were also Child-Pugh score and the presence of 
non-hypervascular hypointense hepatic nodules. The 
results of our study are in good accordance with the 
very recent report by Inoue et al.  [42] . These results sug-
gest that patients with non-hypervascular hypointense 
nodules during the hepatobiliary phase of Gd-EOB-
DTPA-enhanced MRI need intensive follow-up after 
RFA because non-hypervascular hypointense hepatic 
nodules not only have a potential of hypervascular 
transformation but also are a risk factor for the new in-
trahepatic recurrence.

  There are some limitations to this study. First, this 
study was conducted retrospectively and the number of 
patients was not large. A larger prospective study is need-
ed to confirm our findings. Second, we did not evaluate 
the outcomes of patients with non-hypervascular hypoin-
tense hepatic nodules. It is important to investigate sur-
vival rates in patients with non-hypervascular hypoin-
tense hepatic nodules compared with those without non-
hypervascular hypointense hepatic nodules. Finally, we 
could not exclude the possibility that recurrences includ-
ed the intrahepatic metastasis of the treated HCC. 

Table 3.  Univariate and multivariate analyses of factors associated with new intrahepatic recurrence after radiofrequency ablation

Factor Univariate analysis  Multivariate analysis

risk ratio (95% CI) p value ri sk ratio (95% CI) p value

Age, years 0.99 (0.95–1.03) 0.63
Gender, male 1.53 (0.71–3.30) 0.28
Etiology (HCV or others) 0.84 (0.39–1.77) 0.64
Child-Pugh score (B) 3.02 (1.28–7.12) 0.01 3.36 (1.41–7.99) <0.01
Platelet count, ×104/mL 0.99 (0.91–1.09) 0.91
Tumor size 1.02 (0.97–1.07) 0.52
Number of tumors (multiple) 2.00 (0.91–4.42) 0.09
AFP 1.00 (0.99–1.01) 0.74
PIVKA II 1.00 (0.99–1.00) 0.95
Diabetes mellitus (present) 1.30 (0.62–2.72) 0.49
TACE (present) 1.35 (0.65–2.81) 0.42
Fib-4 index 1.03 (0.94–1.13) 0.48
Non-hypervascular hypointense hepatic nodule (present) 2.71 (1.22–6.00) 0.02 2.97 (1.41–6.67) <0.01

 HCV, hepatitis C virus; AFP, alpha-fetoprotein; PIVKA II, protein induced by vitamin K absence or antagonists II; TACE, transca-
theter arterial chemoembolization; Fib-4, fibrosis-4 index.
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  In conclusion, non-hypervascular hypointense hepat-
ic nodules during the hepatobiliary phase of Gd-EOB-
DTPA-enhanced MRI were a useful predictive factor for 
the recurrence of IDR, particularly for new intrahepatic 
recurrence.
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>6 cm and number >6. The OS and TTP of patients in each 
group were compared.  Results:  There were 131 patients 
(55.5%) in the B2a group, 58 (24.6%) in the B2b group, 41 
(17.4%) in the B2c group, and 6 (0.03%) in the B2d group. 
Comparison of the survivals revealed that the median OS 
was 2.8 years (95% CI 2.0–3.5) in the B2a group, 2.8 years 
(95% CI 2.0–3.3) in the B2b group, 1.9 years (95% CI 0.8–4.0) 
in the B2c group, and 2.3 years (95% CI 1.2–ND [no data]) in 
the B2d group, respectively ( p  = 0.896). The median TTP in 
B2a, B2b, B2c, and B2d sub-substage HCC were13.2, 12.1, 
13.8, and 11.5 months, respectively ( p  = 0.047). The median 
TTP in B2a + B2c sub-substage patients was longer than that 
in B2b + B2d sub-substage HCC patients (14.0 months and 
10.4 months;  p  = 0.002).  Conclusion:  No significant differ-
ences were observed in the OS among HCC patients subclas-
sified based on the maximum tumor diameter and tumor 
number in Kinki criteria stage B2. Consequently, Kinki criteria 
stage B2 HCC is a homogeneous subgroup in terms of OS 
prediction. However, shorter TTP in B2b+B2c sub-substage 
HCC patients than that in B2a + B2c sub-substage HCC pa-
tients suggests that different treatment strategy, such as sys-
temic therapy with targeted agents instead of TACE, may be 
suitable to preserve the liver function. 

 © 2017 S. Karger AG, Basel 
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 Abstract 
  Background:  Tumors classified based on the Barcelona Clin-
ic Liver Cancer (BCLC) stage B hepatocellular carcinoma 
(HCC) are heterogeneous in nature. Previously, the Kinki cri-
terion was proposed for a more precise subclassification of 
tumors in BCLC-stage B. However, tumors in sub-stage B2 
include various size and number of HCCs even with the Kinki 
criteria, which could lead to heterogeneity for overall sur-
vival (OS). In this study, we assessed how the size and num-
ber of tumors affect the OS and time to progression (TTP) in 
patients with Kinki criteria stage B2 tumors and treated with 
transarterial chemoembolization (TACE).  Methods:  Of 906 
HCC patients treated with TACE at Kindai University Hospital, 
236 patients with HCC considered as Kinki criteria stage B2 
were examined. They were classified into the following 4 
groups according to the maximum tumor diameter and 
number of tumors: B2a group, tumor size  ≤ 6 cm and total 
number of tumors  ≤ 6; B2b group, size  ≤ 6 cm and number >6; 
B2c group, size >6 cm and number  ≤ 6; and B2d group, size 
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 Introduction 

 Hepatocellular carcinoma (HCC) is the fifth most 
common cancer in the world, and the third leading cause 
of cancer-related death worldwide  [1] . The total number 
of deaths from liver cancer in Japan has decreased since 
its peak in 2004. According to recent analysis from 2012, 
30,690 people died from liver cancer in Japan  [2, 3] . As in 
other malignancies, evidence-based and accurate staging 
and treatment decisions determine the outcome of HCC 
patients  [4, 5] . The Barcelona Clinic Liver Cancer (BCLC) 
staging system is the most widely used and accepted stag-
ing system for HCC, and has been endorsed by the Euro-
pean Association for the Study of Liver and the American 
Association for the Study of Liver Diseases. The BCLC 
staging system classifies HCC patients into 5 stages (0, A, 
B, C, and D), and allocates treatment strategy according-
ly  [6–10] .

  In the BCLC staging system, the intermediate stage (B) 
is defined as asymptomatic, multinodular tumors with-
out an invasive pattern (multinodular tumor, Child-Pugh 
class A-B, and performance status 0), and transarterial 
chemoembolization (TACE) is recommended as a first-
line treatment. TACE is reportedly not effective in pa-
tients with tumors  ≥ 7 cm in diameter and  ≥ 4 tumors since 
TACE is less effective for large and multiple tumors and 
impairs hepatic function  [9] . Superselective TACE with 
lipiodol reportedly offers satisfactory levels of local con-
trol with a lower risk of complications  [3, 11–14] .

  We previously proposed the Kinki criteria for subclas-
sification of BCLC stage-B HCC and demonstrated their 
efficacy  [15–17] . As in previous studies, survival was pro-
longed in HCC patients meeting the up-to-7 criteria; they 
were classified as having BCLC stage B but had smaller or 
fewer tumors. Therefore, criteria based on the up-to-7 
criteria were also proposed  [18] . According to the pro-
posed Kinki criteria, B2-stage HCC that does not meet the 
up-to-7 criteria includes large and multiple liver tumors. 
In case of liver cancer involving a single or few tumors, 
survival can be prolonged by curative treatment even in 
larger liver cancers  [19, 20] . On the contrary, a complete 
cure for multiple liver tumors is considered difficult, and 
treatment strategies in the Japanese guidelines do not in-
clude curative treatment for such cancers  [10, 21, 22] . Be-
cause the tumor characteristics of large and multiple liver 
cancers may differ, it is questionable whether these 2 
types of tumors can be dealt with identically. Therefore, 
in this study, we assessed whether the tumor diameter 
and number affected the survival in Kinki criteria stage 
B2 HCC patients.

  Materials and Methods 

 Patients 
 Between January 2003 and August 2013, 906 patients with 

HCC were treated with conventional TACE (cTACE) as a first-
time treatment at Kinki University Hospital. Of these patients, 753 
who met the inclusion criteria were selected for the retrospective 
study. All patients satisfied the diagnostic criteria for HCC as per 
the American Association for the Study of Liver Diseases guide-
lines. Clinicopathological variables including demographic data, 
full blood count, albumin levels, alpha-fetoprotein levels, alanine 
aminotransferase levels, alkaline phosphatase levels, tumor stage 
(including number of focal lesions and maximum tumor diame-
ter), Child-Pugh class, and BCLC prognostic score were collected 
at the time of referral to our unit, prior to treatment. The inclusion 
criteria for this study were: (1) diagnosis of HCC based on histo-
logical examination or radiologic findings showing early enhance-
ment followed by late washout on contrast-enhanced CT or dy-
namic magnetic resonance imaging; (2) performance status of 0; 
and (3) Child-Pugh class A or B liver cirrhosis. The exclusion cri-
teria were: (1) concomitant antineoplastic treatment and (2) pa-
tients whose details were unknown because medical records before 
and after cTACE were missing. The study was approved by the 
research Ethics Committee at our institution. We posted research 
content on a website; we also gave the patients the right to refuse 
participation in the study.

  Modified Bolondi Classification (Kinki criteria) 
 To determine a substage based on Kinki criteria, the patients’ 

Child-Pugh scores and status according to Milan and up-to-7 cri-
teria (based on the number and diameter of tumors) were deter-
mined. Patients with a Child-Pugh score of 5–7 and meeting the 
up-to-7 criteria were classified as subclass B1, those with a Child-
Pugh score of 5–7 and exceeding the up-to-7 criteria were classi-
fied as subclass B2, and those with a Child-Pugh score of 8–9 and 
any up-to-7 criteria status were classified as subclass B3  [15] .

  Subclass B2 was further subdivided into the following 4 sub-
classes according to the maximum tumor diameter and tumor 
number: subclass B2a,  ≤ 6-cm diameter and  ≤ 6 tumors; subclass 
B2b,  ≤ 6-cm diameter and >6 tumors; subclass B2c, >6-cm diameter 
and  ≤ 6 tumors; and subclass B2d, >6-cm diameter and >6 tumors. 
Survival was compared and analyzed among these subclasses 
( Fig. 1 ). The diameter of viable lesions, as determined from images 
taken before TACE, was used as the baseline value. The time to pro-
gression (TTP) was defined as the duration for the tumor diameter 
to increase by  ≥ 20% in one direction since the day TACE was ad-
ministered, according to the modified Response Evaluation Crite-
ria in Solid Tumors  [23] . Moreover, because subclass B2 represents 
multiple liver tumors, cases where new lesions appeared without an 
increase in tumor diameter were not regarded as progression.

  Statistical Analysis 
 Univariate survival analysis was performed using the Kaplan-

Meier method. The overall survival (OS) analysis ended at the time 
of death or the last follow-up visit. Survivals between the groups 
were compared using the log-rank test. For multiple comparisons, 
the Bonferroni correction was applied. A  p  value <0.05 was con-
sidered statistically significant. All analyses were performed using 
the SPSS Medical Pack for Windows, version 10.0 (SPSS, Inc., Chi-
cago, IL, USA).
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  Results 

 Baseline Characteristics 
 Among the 753 patients who received cTACE sessions 

during their clinical course, 261 (34.7%), 425 (56.4%), 
and 67 (8.9%) patients had BCLC stage A, BCLC stage B, 
and BCLC stage C tumors, respectively. Of the 425 BCLC 
stage B patients, 158 (37.2%), 236 (55.5%), and 31 (7.3%) 
were subclass B1, subclass B2, and subclass B3 according 
to the Kinki criteria, respectively. Of the 236 subclass-B2 
patients, 131 (55.5%), 58 (24.6%), 41 (17.4%), and 6 
(0.03%) were subclass B2a, B2b, B2c, and B2d, respec-
tively.

  Overall Survival 
 In BCLC subclass B2 patients, the median OS was 2.5 

years (95% CI 2.2–3.1). When the OS among patients 
treated with cTACE and belonging to the subclass B2a, 
B2b, B2c, and B2d groups were compared, the median 
OS times were 2.6 years (95% CI 2.0–3.5), 2.8 years (95% 
CI 2.0–3.3), 1.9 years (95% CI 0.8–4.0), and 2.3 years 
(95% CI 1.2–ND [no data]), respectively ( p  = 0.896; 
 Fig. 2 a).

  When the  ≤ 6-cm diameter (B2a and B2b groups;  n  = 
189) and >6-cm diameter (B2c and B2d groups;  n  = 47) 
groups were compared, the median OS times were 2.6 
years (95% CI 2.2–3.1) and 1.9 years (95% CI 1.3–3.7), 
respectively. There was no significant difference between 
the 2 groups ( p  = 0.585;  Fig. 2 b). Likewise, for the  ≤ 6-tu-

mor (B2a and B2c groups;  n  = 64) and >6-tumor groups 
(B2b and B2d groups;  n  = 172), the median OS times were 
2.8 years (95% CI 2.0–3.2) and 2.5 years (95% CI 2.0–3.5), 
respectively. There was no significant difference between 
the 2 groups ( p  = 0.759;  Fig. 2 c).

  TTP after cTACE Therapy 
 In the BCLC subclass B2 patients, the median TTP was 

13 months (95% CI 11.1–16.3). For the B2a, B2b, B2c, and 
B2d groups, the median TTP was 13.2 months (95% CI 
11.1–17.6), 12.1 months (95% CI 6.9–16.1), 13.8 months 
(95% CI 6.8–37), and 11.5 months (95% CI 1.6–29.3), re-
spectively ( p  = 0.047;  Fig. 3 a).

  The median TTP was 13 months (95% CI 10.9–16.6) 
in the  ≤ 6-cm diameter group (B2a and B2b groups) and 
12.3 months (95% CI 7.3–29.3) in the >6-cm diameter 
group (B2c and B2d groups), with no significant differ-
ence between the 2 groups ( p  = 0.196;  Fig. 3 b). Converse-
ly, the median TTP was 14.0 months (95% CI 11.5–17.6) 
in the  ≤ 6-tumor group (B2a and B2c groups) and 10.4 
months (95% CI 6.9–15.2) in the >6-tumor group (B2b 
and B2d groups), with a significant difference between 
the 2 groups ( p  = 0.002;  Fig. 3 c).

  Discussion 

 In this study, we subdivided Kinki criteria subclass B2 
HCC according to maximum tumor diameter and tumor 
number, and compared the OS among the new subclass-
es. However, no significant differences were observed 
among these subgroups. Moreover, no significant differ-
ences in survival were observed when patients were 
grouped according to the maximum tumor diameter or 
tumor number alone. There may be confounding factors 
for the possible reason of no OS difference among sub-
subclassification of BCLC B2 stage.

  cTACE prolongs the survival in BCLC stage B patients 
who meet the up-to-7 criteria (B1 sub-stage), that is, in 
HCC patients with a few small nodules, compared to 
those who do not  [16] . On the contrary, cTACE is not 
only ineffective but may also diminish the hepatic func-
tional reserve in patients not meeting the up-to-7 criteria 
(B2 substage). Because cTACE has little effect on pro-
longing survival, other treatment strategies such as he-
patic arterial infusion chemotherapy (HAIC) or sorafenib 
are potentially the first-line treatments of choice  [24–26] . 
Indeed, BCLC subclass B2 patients do not respond well to 
cTACE; it is less effective in these patients than in subclass 
B1 patients. Therefore, BCLC substage B2 patients appear 
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  Fig. 1.  Subclassification of Kinki criteria stage B2 hepatocellular 
carcinoma. Kinki criteria stage B2 was categorized into the follow-
ing 4 subclasses according to the maximum tumor diameter and 
tumor number: subclass B2a,  ≤ 6-cm diameter and  ≤ 6 tumors; sub-
class B2b,  ≤ 6-cm diameter and >6 tumors; subclass B2c, >6-cm 
diameter and  ≤ 6 tumors; and subclass B2d, >6-cm diameter and 
>6 tumors. 
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to be an appropriate target group for combination thera-
py with cTACE  [27, 28]  or other strategies including sys-
temic therapy with sorafenib, regorafenib or lenvatinib 
 [29–31] .

  A possible reason for the lack of differences in surviv-
al between large and multiple liver cancers at BCLC stage 
B2 is that patients with large liver cancer may have mic-
rosatellite lesions even if they have 1–3 liver tumors. As 
satellite lesions may become more detectable with in-
creased tumor diameter  [32–34] , prognosis in patients 
with microsatellite lesions is poor  [2, 35] . Thus, it is also 
plausible that patients with large, but few liver tumors, 
who were treated with cTACE, may have had microsatel-
lite lesions. These may have caused recurrent tumors after 
treatment, and consequently, there was no difference in 
survival between large and multiple HCCs. When large 
HCCs exceed a certain size, despite a low tumor number, 
it may need to be treated in the same manner as multiple 
HCCs.

  On the contrary, TTP was significantly different for 
groups classified by tumor number. A high tumor num-
ber is known to be associated with intrahepatic cancer 
spread and lower survival rates  [36, 37] , and may have 
contributed to the significant difference in TTP in our 
study. Despite the difference in TTP, no significant dif-
ference was observed in the OS. Previous studies con-
ducted on BCLC stage B patients revealed that the OS in 
substage B1 patients was better than that in substage B2 
patients. One possible explanation is that in our institute 
the majority of BCLC B2 substage HCC, especially mul-
tiple tumors more than 6 tended to receive HAIC or 
switch to systemic therapy with sorafenib after TACE 
refractory. Therefore, the OS was similar between B2b 
and B2c/B2a even though TTP in B2b sub-substage 
HCC patients was significantly shorter than that in B2c/
B2a sub-substage HCC patients. Switching from ineffec-
tive TACE to sorafenib or HAIC might have contributed 
to the improved OS in B2b sub-substage HCC patients, 
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  Fig. 2.  Overall survival (OS) according to Kinki criteria stage B2 ( a ;  p  = 0.896), maximum tumor size ( b ;  p  = 0.585), 
and number of liver tumors ( c ;  p  = 0.759). 

  Fig. 3.  Time to progression (TTP) according to Kinki criteria stage B2 ( a ;  p  = 0.047), maximum tumor size ( b ; 
 p  = 0.196), and number of liver tumors ( c ;  p  = 0.002). 
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similar to the OS of B2a sub-substage HCC patients. B2b 
sub-substage HCC is a subgroup that is easily predictive 
of TACE refractoriness; therefore, their TTP is normal-
ly worse than in B2a sub-substage HCC patients. A su-
perselective TACE, which is a curative treatment, may 
be repeated before the disease progresses in some pa-
tients, and thus, a complete cure may be achievable. A 
number of such patients may have been included in our 
study. Since TTP is the duration between pretreatment 
imaging and posttreatment imaging showing progres-
sion, in patients undergoing TACE, TTP may need to be 
assessed by a method uniquely adapted to the character-
istics of TACE. 

  Although the number of patients analyzed in this study 
was adequate, the retrospective design of the study might 
have led to bias in patient selection. To address these lim-
itations and independently validate the results of this 
study, we are currently designing a prospective multi-
center study that investigates a larger patient cohort.

  Conclusion 

 Although BCLC subclass B2 HCC, which includes 
multiple and large liver tumors, was subclassified and an-
alyzed in terms of the maximum tumor diameter and tu-
mor number, no significant differences in the OS were 

observed, probably because of the selection bias due to 
retrospective study design. While significant differences 
in the OS are observed between BCLC subclasses B1 and 
B2, no such differences were observed within BCLC sub-
substage B2. However, statistical differences in TTP be-
tween BCLC sub-substage B2b and B2c/B2a sub-substage 
patients were observed. Based on these results, we can 
conclude that B2b substage HCC patients may be good 
candidates for systemic therapy rather than TACE to im-
prove the survival by preserving the liver function. Since 
BCLC substage B2 patients with multiple tumors are less 
responsive to cTACE than BCLC substage B1 patients, 
further clinical trials are needed to confirm this hypoth-
esis.
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months (95% CI 13.1–20.2) in patients with substage B1-HCC 
and substage B2-HCC, respectively ( p  = 0.0050). In patients 
with substage B2-HCC, median Child-Pugh scores after the 
first TACE session was significantly different from those after 
third and fifth TACE sessions (first-third,  p  = 0.0020; first-fifth, 
 p  = 0.0008).  Key Message:  TACE refractoriness occurred ear-
lier in patients with substage B2-HCC than those with sub-
stage B1-HCC; deterioration of liver function with repeated 
TACE was more obvious in HCC cases with stage-B1 tumor. 
Shorter TTUP and impaired liver function due to repeated 
TACE could be responsible for the shorter survival in patients 
with substage B2-HCC.  © 2017 S. Karger AG, Basel 

 Introduction 

 Hepatocellular carcinoma (HCC) is the third leading 
cause of cancer-related deaths worldwide  [1–4] . HCC 
may develop at multiple sites on the liver and can give rise 
to numerous tumors with the potential to metastasize. 
Transarterial chemoembolization (TACE) is the standard 
treatment for HCC patients in the intermediate stage  [5–

 Keywords 
 Hepatocellular carcinoma · Kinki criteria · Transarterial 
chemoembolization · Time to untreatable progression · 
TACE refractoriness · Barcelona clinic liver cancer stage B 

 Abstract 
  Background:  Transarterial chemoembolization (TACE) is 
recommended for patients with hepatocellular carcinoma 
(HCC) in Barcelona Clinic Liver Cancer (BCLC) stage B. How-
ever, because of the heterogeneity of HCC in BCLC stage B; 
various subclassification systems have been proposed to 
predict the prognosis of patients. Previously, we proposed 
the Kinki criteria for precise classification of HCC cases in 
BCLC stage B. In this study, we compared the time to TACE 
refractoriness in HCC patients with Kinki criteria substages 
B1 and B2-HCC.  Summary:  Between January 2006 and De-
cember 2013, 592 HCC patients (substage B1,  n  = 118; sub-
stage B2,  n  = 170) underwent TACE. Time to progression un-
der TACE treatment was defined as the time to untreatable 
progression (TTUP). TTUP and changes in liver function were 
analyzed in patients with substages B1 and B2-HCC.   The me-
dian TTUP was 25.7 months (95% CI 19.3–37.3) and 16.4 
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10],  without inducing severe liver damage. However, 
multiple sessions of TACE lead to the refractoriness of 
treatment and deterioration of liver function, called as 
TACE failure/refractoriness  [11–14] .

  We proposed the Kinki criteria wherein Barcelona 
Clinic Liver Cancer (BCLC) stage B classified HCCs into 
3 substages using the Child-Pugh classification (5–7 
points or 8–9 points) combined with the “beyond Milan” 
criteria and the “within” and “out of” the “up-to-7” crite-
ria  [15–18] . Based on the Kinki criteria, substage B1-
HCC, which falls within the up-to-7 criteria, patients 
have a relatively small number of tumors or tumors with 
a small diameter. Substage Bl-HCC patients are also can-
didates for resection  [10, 19, 20]  and ablation  [21–23],  in 
addition to TACE. By contrast, substage B2-HCC, which 
falls out of the up-to-7 criteria, patients carry multiple or 
large size of tumors; the overall survival and time to TACE 
progression were generally shorter in patients with sub-
stage B2-HCC than those carrying substage B1-HCC. 
Moreover, for substage B1-HCC, complete response 
could be achieved by performing superselective TACE 
without affecting the liver function. By contrast, complete 
response to TACE is hard to achieve for cases in substage 
B2-HCC. Based on the characteristics of tumors, multiple 
session of TACE is generally required for cases in sub-
stage B2, which may in turn result in a deterioration of 
liver function. In addition, superselective TACE is diffi-
cult to perform for substage B2-HCC cases because meta-
static tumors are observed in the entire liver. Conse-
quently, anticancer agents are administered, which could 
affect the non-cancerous liver and may result in a damage 
of liver function.

  In Japan, the criteria for TACE refractoriness pro-
posed by the Japan Society of Hepatology (JSH) are gen-
erally applied to determine the indication of TACE  [14] . 
Because substage B2-HCC progressed more than sub-
stage B1-HCC, the former is more refract to TACE, which 
results in a shorter time to untreatable progression 
(TTUP). In this study, we compared the TTUP and al-
teration of liver function between the patients with sub-
stage B1 and B2-HCC.

  Material and Methods 

 Patients 
 Between January 2006 and August 2013, 592 patients with 

HCC underwent conventional TACE (cTACE) as a first-line treat-
ment at Kindai University Hospital. Of these patients, 288 who had 
undergone cTACE during their clinical course and met the inclu-
sion criteria were selected for this retrospective study. All patients 

satisfied the diagnostic criteria for HCC according to the American 
Association for the Study of Liver Diseases guidelines. Data on 
clinicopathological variables, including demographic data, full 
blood count, albumin levels, alpha-fetoprotein levels, alanine ami-
notransferase levels, alkaline phosphatase levels, tumor stage (in-
cluding the number of focal lesions and maximum tumor diame-
ter), Child-Pugh class, and BCLC prognostic score were obtained 
at the time of referral to our unit prior to treatment. The inclusion 
criteria for this study were: (1) diagnosis of HCC based on histo-
logical examination or radiologic findings showing early enhance-
ment followed by late washout on contrast-enhanced CT or dy-
namic MRI; (2) performance status of 0; and (3) Child-Pugh class 
A or B liver cirrhosis. The exclusion criteria were: (1) concomitant 
antineoplastic treatment and (2) patients whose details were un-
known because medical records before and after cTACE were 
missing. Patient characteristics are summarized and presented in 
 Table 1 . The patient population comprised 213 men and 75 wom-
en. Overall, 180 patients (62.5%) were positive for the anti-hepati-
tis C virus antibodies, 27 (9.4%) were positive for the hepatitis B 
virus surface antigen, and 81 (28.1%) were negative for both. A 
total of 244 patients (84.8%) were classified as Child-Pugh class A. 
Epirubicin, miriplatin, and cisplatin were used as the TACE che-
moagent in 265, 20, and 3 patients, respectively.

  Modified Bolondi Classification (Kinki Criteria) 
 To determine a substage based on the Kinki criteria, the pa-

tients’ Child-Pugh scores and status according to the Milan and 
up-to-7 criteria (based on the number and diameter of the tumors) 
were determined. Patients with a Child-Pugh score of 5–7 and 
meeting the up-to-7 criteria were classified as substage B1, those 
with a Child-Pugh score of 5–7 and exceeding the up-to-7 criteria 
were classified as substage B2, and those with a Child-Pugh score 
of 8–9 and any up-to-7 criteria status were classified as substage B3 
 [16, 24] .

  TACE Technique 
 The right femoral artery was accessed with an 18-gauge Seld-

inger needle, and a 4-Fr sheath was subsequently inserted. The 
celiac artery was selectively catheterized using a 4.2-Fr catheter. A 
2.2-Fr microcatheter (Shirabe ® ; Piolax, Yokohama, Japan) was ad-
vanced coaxially through the catheter into the common or proper 
hepatic artery. Rotational angiography was performed to evaluate 
the feeding vessels of identified HCCs. The tip of the catheter was 
selectively placed into feeding segmental and subsegmental arter-
ies using the findings of selective hepatic angiography and/or 
tracking navigation imaging. Chemoembolization was performed 
using 60–120 mg of miriplatin (Miripla ® ; Sumitomo Dainippon 
Pharma, Osaka, Japan), 20–50 mg of epirubicin (Epirubicin ® ; 
Nippon Kayaku, Tokyo, Japan), or 50–100 mg of cisplatin (IA-
call ® ; Nippon Kayaku) emulsified with iodized oil (Lipiodol ®  Ul-
tra-Fluid; Guerbet, Paris, France) and gelatin sponge particles 
(Gelpart ® ; Nippon Kayaku or Gelfoam ® ; Upjohn, Kalamazoo, MI, 
USA). The injection volume of the emulsion was determined based 
on the tumor volumes (<8 mL). Drug-eluting-bead TACE or bal-
loon-occluded TACE was not utilized in this study.

  Definition of TACE Refractoriness 
 A CT scan was performed within 3 months of the TACE proce-

dure to evaluate the radiological response of the tumor(s) to the 
treatment. Follow-up CT or MRI was performed every 3–4 months. 
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The definition of TACE refractoriness was based on the JSH Con-
sensus Guidelines  [14] . The radiological response to TACE was eval-
uated using the initial CT or MRI within 3 months after TACE treat-
ment. According to the definition of TACE refractoriness by the JSH, 
the onset of TACE refractoriness was determined when examination 
immediately after TACE showed 2 increases in the number or diam-
eter of intrahepatic lesions, appearance of extrahepatic spread, or 
appearance of vascular invasion. Because TACE is, in principle, con-
traindicated for patients with Child-Pugh class C HCC, TACE re-
fractoriness was also defined as Child-Pugh class C HCC in this 
study. TTUP was defined as the time from the first TACE session to 
confirmation of TACE refractoriness. TTUP was assessed in patients 
with substage B1 and those with substage B2 HCC.

  Statistical Analysis 
 Survival curves were estimated using the Kaplan-Meier meth-

od, with death as the primary endpoint for the analysis of overall 
survival. Patients who failed to meet the endpoint were censored 
at the time of the last follow-up visit. Survival rates were compared 
between the groups using the log-rank test, and categorical vari-
ables were compared using the chi-square test. Comparisons of 
categorical variables between the groups were conducted using the 
Mann-Whitney U test. The level of significance was set at  p  < 0.05. 
All analyses were performed using the SPSS Medical Pack for Win-
dows, version 10.0 (SPSS, Inc., Chicago, IL, USA).

  Results 

 Time to Untreatable Progression 
 The median TTUP was 25.7 months (95% CI, 19.3–

37.3) in patients with substage B1 HCC and 16.4 months 
(95% CI 13.1–20.2) in patients with substage B2 HCC, 
showing a statistically significant difference ( p  = 0.0050; 
 Fig. 1 a). In patients with an increased number or diame-
ter of intrahepatic lesions, the median TTUP was 101.8 
months (95% CI 47.2–not evaluated [NE]) in those with 
substage B1 HCC and 33.6 months (95% CI 25.3–53.0) in 
those with substage B2 HCC, showing a statistically sig-
nificant difference ( p  = 0.0018;  Fig. 1 b). In patients with 
visible extrahepatic spread, the median TTUP was 80.7 
months (95% CI 51.9–NE) in those with substage B1 
HCC and 48.6 months (95% CI 35.7–NE) in those with 
substage B2 HCC, showing a statistically significant dif-
ference ( p  = 0.0457;  Fig. 1 c). In patients with visible vas-
cular invasion, TTUP did not reach a median in patients 
with either substage B1 or B2 HCC, and no statistically 
significant difference was observed ( p  = 0.9663;  Fig. 1 d). 

Table 1.  Characteristics of hepatocellular carcinoma patients treated with cTACE

Characteristic All (n = 288) B1 stage (n = 118) B2 stage (n = 170)

Age
Median (25–75%) 73 (67–77)* 74 (69–77.75)* 72.5 (66.25–77)*

Gender
Male 213 (74.0) 86 (72.9) 127 (74.7)
Female 75 (26.0) 32 (27.1) 43 (25.3)

Child-Pugh score
5 160 (55.6) 71 (60.2) 89 (52.4)
6 84 (29.2) 36 (30.5) 48 (28.2)
7 44 (15.3) 11 (9.3) 33 (19.4)

Virus status†
HBV 27 (9.4) 12 (10.2) 15 (8.8)
HCV 180 (62.5) 77 (65.3) 103 (60.6)
Virus negative 81 (28.1) 29 (24.6) 52 (30.6)

Serum ALT, IU/L
Median (25–75%) 37 (25.75–57.25)* 38 (22.25–61)* 37 (26.25–54.75)*

Serum ALP level, IU/mL
Median (25–75%) 334.5 (253–454.75)* 320.5 (242–448.25)* 348 (269–462.5)*

Serum platelets, 104/μL
Median (25–75%) 12.7 (9.1–16.925)* 11.7 (8.7–15.5)* 13.35 (9.8–18.25)*

Serum AFP, ng/mL
Median (25–75%) 25 (7–208)* 20 (6.25–84.75)* 32 (8–360)*
 ALT, alanine aminotransferase; ALP, alkaline phosphatase; AFP, alpha-fetoprotein; HBV, hepatitis B virus; 

HCV, hepatitis C virus.
* Dispersion variables are shown as median values (25–75%).
† Cases testing positive for HBV surface antigen (HBsAg) were regarded as cases of HBV-related HCC, and 

cases testing positive for hepatitis C antibody (HCV Ab) were regarded as cases of HCV-related HCC.
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In patients with Child-Pugh class C HCC, the median 
TTUP was 56.4 months (95% CI 46.8–82.8) in patients 
with substage B1 HCC and 41.0 months (95% CI 29.5–
51.7) in patients with substage B2 HCC, showing a statis-
tically significant difference ( p  = 0.0253;  Fig. 1 e).

  The Number of TACE Sessions before Untreatable 
Progression 
 The median total number of TACE sessions (25–75th 

percentile) was 2 (1–4) in patients with substage B1 HCC 
and 3 (2–5) in patients with substage B2 HCC ( p  = 0.4306; 
 Fig.  2 a). The median number of TACE sessions per-
formed before TTUP was 3 (2–4) in patients with sub-
stage B1 HCC and 2 (2–4) in patients with substage B2 
HCC, showing no statistically significant difference ( p  = 
0.6679;  Fig. 2 b). The median number of TACE sessions 
before the number or diameter of intrahepatic lesions in-
creased was 4 (3–4.75) in patients with substage B1 HCC 
and 3 (2–4.75) in patients with substage B2 HCC, show-

ing no statistically significant difference ( p   = 0.6588; 
 Fig.  2 c). The median number of TACE sessions before 
visible extrahepatic spread was 3.5 (2–5) in patients with 
substage B1 HCC and 2 (2–4) in patients with substage 
B2 HCC, showing a statistically significant difference ( p  = 
0.0231;  Fig. 2 d). The median number of TACE sessions 
before visible vascular invasion was 3 (2–5) in patients 
with substage B1 HCC and 3 (2–4) in patients with sub-
stage B2 HCC, showing no statistically significant differ-
ence ( p  = 0.9461;  Fig. 2 e). In patients with Child-Pugh 
class C HCC, the median number of TACE sessions was 
4 (2–6) in patients with substage B1 HCC and 3 (2–5) in 
patients with substage B1 HCC, showing no statistically 
significant difference ( p  = 0.4865;  Fig. 2 f).

  Changes in Liver Function 
 In patients with substage B1 HCC, after the first TACE 

session, the Child-Pugh scores were 5 points in 71 pa-
tients (60.2%), 6 points in 36 patients (30.5%), and 7 

p = 0.0050
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  Fig. 1.  Time to untreatable progression.  a  The median time to un-
treatable progression (TTUP) was 25.7 months (95% CI, 19.3–
37.3) in patients with substage B1 hepatocellular carcinoma (HCC) 
and 16.4 months (95% CI 13.1–20.2) in patients with substage B2 
HCC ( p  = 0.0050).  b  In patients with increased number or diam-
eter of intrahepatic lesions, the median TTUP was 101.8 months 
(95% CI 47.2–not evaluated [NE]) in those with substage B1 HCC 
and 33.6 months (95% CI 25.3–53.0) in those with substage B2 
HCC ( p  = 0.0018).  c  In patients with visible extrahepatic spread, 

the median TTUP was 80.7 months (95% CI 51.9–NE) in patients 
with substage B1 HCC and 48.6 months (95% CI 35.7–NE) in pa-
tients with substage B2 HCC ( p  = 0.0457).  d  In patients with visible 
vascular invasion, TTUP did not reach a median in patients with 
either substage B1 or B2 HCC ( p   = 0.9663).  e  In patients with 
Child-Pugh class C HCC, the median TTUP was 56.4 months (95% 
CI 46.8–82.8) in patients with substage B1 HCC and 41.0 months 
(95% CI 29.5–51.7) in patients with substage B2 HCC ( p  = 0.0253). 
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points in 11 patients (9.3%), and the median score was 5 
points (5–6). After the third TACE session, the Child-
Pugh scores were 5 points in 34 patients (57.6%), 6 points 
in 13 patients (22.0%), 7 points in 8 patients (13.6%), 8 
points in 3 patients (5.0%), and 9 points in 1 patient 
(1.7%), and the median score was 5 points (5–6). After the 
fifth TACE session, the Child-Pugh scores were 5 points 
in 15 patients (55.6%), 6 points in 7 patients (25.9%), 7 
points in 4 patients (14.8%), and 8 points in 1 patient 
(3.7%), and the median score was 5 points (5–6;  Fig. 3 ). 
No statistically significant differences in changes in liver 
function were observed between any sessions (first-third, 
 p  = 0.0825; first-fifth,  p  = 0.2475; third-fifth,  p  = 0.8406; 
 Fig. 4 a).

  In patients with substage B2 HCC, after the first TACE 
session, the Child-Pugh scores were 5 points in 89 pa-
tients (52.4%), 6 points in 48 patients (28.2%), and 7 
points in 33 patients (19.4%), and the median score was 5 
points (5–6). After the third TACE session, the Child-

Pugh scores were 5 points in 45 patients (47.9%), 6 points 
in 16 patients (17.0%), 7 points in 19 patients (20.2%), 8 
points in 11 patients (11.7%), and 9 points in 3 patients 
(3.2%), and the median score was 6 points (5–7). After the 
fifth TACE session, the Child-Pugh scores were 5 points 
in 21 patients (42%), 6 points in 11 patients (22%), 7 
points in 8 patients (16%), 8 points in 9 patients (18%), 
and 9 points in 1 patient (2%), and the median score was 
6 points (5–7;  Fig. 3 ). The liver function after both the 
third and fifth TACE sessions significantly differed from 
that after the first TACE session (first-third,  p  = 0.0020; 
first-fifth,  p  = 0.0008; third-fifth,  p  = 0.6145;  Fig. 4 b).

  Discussion 

 TACE refractoriness occurred earlier in substage B2 
HCC than in substage B1 HCC. Thus, the number of 
TACE sessions performed before the onset of TACE re-
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  Fig. 2.  Number of TACE.  a  The total number of transarterial che-
moembolization (TACE) sessions ( p  = 0.6588 by Mann-Whitney 
U test).  b  The number of TACE sessions performed before the time 
to untreatable progression (TTUP;  p  = 0.6679).  c  The number of 
TACE sessions performed before the number or diameter of intra-
hepatic lesions increased ( p  = 0.4306).  d  The number of TACE ses-

sions performed before visible extrahepatic spread ( p  = 0.0231). 
 e  The number of TACE sessions performed before visible vascular 
invasion ( p  = 0.9461).  f  The number of TACE sessions performed 
before the development of Child-Pugh class C hepatocellular car-
cinoma ( p  = 0.4865). 
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  Fig. 3.  Child-Pugh scores after transarterial 
chemoembolization (TACE). In patients 
with substage B1 hepatocellular carcinoma 
(HCC), the Child-Pugh scores after the 
first TACE session were 5 points in 71 pa-
tients (60.2%), 6 points in 36 patients 
(30.5%), and 7 points in 11 patients (9.3%). 
The Child-Pugh scores after the third 
TACE session were 5 points in 34 patients 
(57.6%), 6 points in 13 patients (22.0%), 7 
points in 8 patients (13.6%), 8 points in 3 
patients (5.0%), and 9 points in 1 patient 
(1.7%). The Child-Pugh scores after the 
fifth TACE session were 5 points in 15 pa-
tients (55.6%), 6 points in 7 patients 
(25.9%), 7 points in 4 patients (14.8%), and 
8 points in 1 patient (3.7%). In patients 
with substage B2 HCC, the Child-Pugh 
scores after the first TACE session were 5 
points in 89 patients (52.4%), 6 points in 48 
patients (28.2%), and 7 points in 33 pa-
tients (19.4%). The Child-Pugh scores after 
the third TACE session were 5 points in 45 
patients (47.9%), 6 points in 16 patients 
(17.0%), 7 points in 19 patients (20.2%), 8 
points in 11 patients (11.7%), and 9 points 
in 3 patients (3.2%). The Child-Pugh scores 
after the fifth TACE session were 5 points 
in 21 patients (42%), 6 points in 11 patients 
(22%), 7 points in 8 patients (16%), 8 points 
in 9 patients (18%), and 9 points in 1 pa-
tient (2%).                         
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  Fig. 4.  Comparison of Child-Pugh scores after transarterial che-
moembolization (TACE).  a  In patients with substage B1 hepato-
cellular carcinoma (HCC), the median Child-Pugh scores (25–
75th percentile) were all 5 points (5–6) after the first, third, and 
fifth TACE sessions. No statistically significant differences in 
changes in liver function were observed between any sessions 
(first-third,  p   = 0.0825; first-fifth,  p   = 0.2475; third-fifth,  p   = 

0.8406).  b  In patients with substage B2 HCC, the median Child-
Pugh scores (25–75th percentile) were 5 points (5–6) after the first 
TACE session, 6 points (5–7) after the third TACE session, and 6 
points (5–7) after the fifth TACE session. Liver function after both 
the third and fifth TACE sessions significantly differed from that 
after the first TACE session (first-third,  p  = 0.0020; first-fifth,  p  = 
0.0008; third-fifth,  p  = 0.6145).                 
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fractoriness was smaller in substage B2 HCC. Moreover, 
liver function impairment was detected earlier in sub-
stage B2 HCC than in substage B1 HCC. In substage B2 
HCC, the early onset of TACE refractoriness is assumed 
to be responsible for the shorter survival than that in sub-
stage B1 HCC.

  This study showed no significant difference in the time 
to vascular invasion between substages B1 and B2 HCC. 
However, significant differences in other variables were 
observed. As substage B2 HCC is a more advanced tumor 
stage than substage B1 HCC, treatment with TACE once 
is insufficient for the former. Moreover, intrahepatic and 
extrahepatic metastases are assumed to occur in early 
stages, and the number of TACE sessions performed be-
fore extrahepatic metastasis was smaller for substage B2 
HCC than for substage B1 HCC, which could be attrib-
uted to the difficulty in controlling intrahepatic lesions 
with TACE. Although only TACE is currently recom-
mended for the treatment of BCLC stage B HCC, the sur-
vival is short for multiple or huge hepatomas, even for 
those based on the subclassification of criteria other than 
the Kinki criteria  [25–28] . Treatment with TACE alone 
may be limited in efficacy for patients with substage B2 
HCC including multiple or huge HCCs.

  TACE with molecular-targeted agents is expected to 
more strongly prevent tumor recurrence or regrowth be-
cause of the inhibitory effect of the agents on enhanced 
angiogenesis  [29–32] . Moreover, prolongation of the pe-
riod in which tumor progression can be controlled by 
TACE could be expected. In addition, reduced frequency 
of performing TACE is also assumed to contribute to the 
prevention of liver function deterioration. Although 
global studies on combination treatment of TACE and 
molecular-targeted agents were conducted, no favorable 
results have been obtained to date  [33–35] . Furthermore, 
currently, clinical studies on immune checkpoint inhibi-
tors are conducted in patients with HCC  [36] . Immune 
checkpoint inhibitors might also be effective in prevent-
ing HCC progression after TACE, in addition to molecu-
lar-targeted agents. Thus, clinical studies on combination 
treatment of TACE and immune checkpoint inhibitors 
may also be warranted to identify methods for improving 
the therapeutic effects of TACE, especially in patients 
with substage B2 HCC.

  In patients with substage B1 HCC, no substantial 
changes in liver function were observed even after re-
peated administration of TACE. By contrast, in patients 
with substage B2 HCC, the liver function after the third 
and fifth TACE sessions deteriorated compared with 
that after the first TACE session. As the liver function is 

impaired by TACE, it is recommended to perform TACE 
as selectively as possible  [11, 37,   38] . However, it is dif-
ficult to perform TACE selectively, especially for mul-
tiple HCCs, and TACE could also affect the normal liver 
and, consequently, impair the liver function. Thus, in 
case of multiple hepatomas at substage B2, treatment 
with hepatic arterial infusion chemotherapy  [39, 40]  
may be preferable because it can preserve the liver func-
tion and is effective for multiple HCCs. Moreover, be-
cause of early onset of TACE refractoriness and im-
paired liver function in substage B2 HCC, administra-
tion of molecular-targeted agents, such as sorafenib, is 
worth considering.

  This study has some limitations. Although the number 
of patients analyzed in this study was adequate, the retro-
spective design of the study might have led to bias in pa-
tient selection. To address these limitations and indepen-
dently validate the results of this study, we are currently 
designing a relevant prospective, multicenter study in a 
larger patient cohort.

  Conclusion 

 TACE refractoriness occurred earlier in patients with 
substage B2 HCC than in patients with substage B1 
HCC. TACE for patients with substage B2 HCC resulted 
in the administration of drugs to a wider area of the liv-
er; consequently, the liver function deteriorated after 
TACE in patients with substage B2 HCC. Moreover, 
TACE monotherapy may be limited in efficacy for sub-
stage B2 HCC, and inventive therapeutic strategies, such 
as in combination with other therapies, may be necessary 
to improve the effects of TACE. Furthermore, when the 
onset of TACE refractoriness is confirmed, TACE may 
need to be switched to other therapies, such as hepatic 
arterial infusion chemotherapy or sorafenib, as soon as 
possible.

  Ethics Statement 

 Research was ethically conducted in accordance with the World 
Medical Association Declaration of Helsinki. We posted the re-
search content on a website, and the study protocol was approved 
by the appropriate institutional Ethics Committees.
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 Introduction 

 Cone-beam CT (CBCT) using a flat panel detector 
(FPD) is an imaging methodology of CT, which is differ-
ent from conventional CT  [1] .

  CBCT has various artifacts that are not available in 
conventional CT. Currently, CBCT technology has im-
proved with artifact reduction, and is already well-estab-
lished in the diagnosis of hepatocellular carcinoma (HCC) 
 [2] .

  Miriplatin (MPT, Miripla; Sumitomo Dainippon 
Pharma Co., Ltd., Osaka, Japan) is a specifically designed 
drug for transarterial chemoembolization (TACE) of 
HCCs  [3] . Balloon-occluded TACE (B-TACE) is a modi-
fication of the treatment strategy that is anticipated to 
improve drug concentration in the tumor  [4] .

  The degree of lipiodol accumulation in a tumor post-
TACE correlates with the risk of local recurrence. We 
have previously reported that the Hounsfield unit value 
of a tumor obtained from conventional CT immediately 
after B-TACE with MPT is predictive of the recurrence 
risk  [5] .

 Keywords 
 Miriplatin · Cone-beam CT · Balloon-occluded transcatheter 
arterial chemoembolization · Pixel · CT value 

 Abstract 
  Background/Aim:  Balloon-occluded transcatheter arterial 
chemoembolization (B-TACE) using miriplatin (MPT) is an-
ticipated as a new strategy for hepatocellular carcinoma 
(HCC). This study was aimed at evaluating the hemodynam-
ic changes with/without balloon occlusion of the hepatic ar-
tery, correlation of cone-beam CT (CBCT) pixels, and CT value 
after B-TACE for HCC.  Methods:  A total of 52 patients with 
HCC, who underwent B-TACE using MPT in addition to the 
balloon-occluded CBCT hepatic arteriography, were studied. 
 Results:  After balloon occlusion, CBCT pixel values increased 
in 37 lesions, whereas it decreased in 15 lesions. Intratumor-
al CT values after B-TACE were lower with decreased CBCT 
pixel values than with increased CBCT pixel values.  Conclu-
sion:  Hemodynamic changes on CBCT during balloon occlu-
sion can be used to predict the efficacy of B-TACE using MPT. 

 © 2017 S. Karger AG, Basel 
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  However, to the best of our knowledge, only a few re-
ports have investigated the correlation of hemodynamics 
between balloon occlusion CBCT and conventional CT 
values immediately after B-TACE. The present study is 
aimed at evaluating the hemodynamic changes with/
without balloon occlusion of the hepatic artery and cor-
relation of CT value after B-TACE for HCC.

  Methods 

 Patients and Methods 
 Study Cohort 
 A total of 52 patients (52 nodules) with HCC who underwent 

B-TACE using MPT (Miripla; Sumitomo Dainippon Pharma Co., 
Ltd., Osaka, Japan) at Saiseikai Niigata Daini Hospital between 
December 2015 and May 2017 were included in this study.

  All patients received a comprehensive evaluation by dynamic 
contrast CT prior to treatment. The study exclusion criteria were: 
(1) tumor size  ≥  5 cm; (2) intentionally incomplete TACE because 
of tumor infiltration; (3)  ≥ 4-month interval between TACE and ini-
tial CT during follow-up observation; (4) no CT done during follow-
up observation; and (5) nodules with locoregional therapy such as 
percutaneous ethanol injection, microwave coagulation therapy, la-
ser ablation, and radiofrequency ablation as additional treatment, 
(6) extrahepatic metastasis of HCC, and (7) other malignancies.

  TACE Protocol and CBCT Imaging 
 In all cases, vascular access was achieved using the Seldinger 

technique. Briefly, the femoral artery was punctured, and a 5-Fr 
introducer was inserted followed by a 5-Fr catheter. A microbal-
loon catheter (Attendant, Terumo, Tokyo, Japan or Logos, Piolax, 
Kanagawa, Japan) was then advanced into the selective or super-
selective branches of the tumor’s feeding arteries through a 5-Fr 
catheter. The microballoon catheter was introduced over a 0.014-
inch guide wire (Chikai; Asahi Intec, Aichi, Japan). The tip of the 
microballoon catheter was positioned in the tumor’s feeding ar-
tery. CBCT using an Allura Clarity FD20 (Philips, Best, The 
 Netherlands) hepatic arteriography (CB-CTHA) was performed 
before and after the inflation of the balloon. Six hundred projec-
tion images with X-ray parameters of tube voltage 117–123 kV, 
pulse width 5–10 ms, and tube current 50–325 mA were obtained 
by 5.2-s acquisitions with 240   °   C-arm rotation around the patient. 
The FPD was used for image acquisition, which has a focal spot-
detector distance of 120 cm with a 19-inch field of view. The ac-
quisition images by FPD were automatically transferred to an 
Xtravision workstation (Philips) and reconstructed with artifact 
reduction. CB-CTHA with/without balloon occlusion was per-
formed for areas containing HCC nodule.

  The first CB-CTHA scan started 7–10 s after the initiation of a 
transcatheter hepatic arterial injection of 5–15 mL of nonionic 
contrast material (iopamidol, iopamiron ®  150 iodine, 150 mg I/
mL; Bayer HealthCare, Osaka, Japan) at a speed of 0.5–1.0 mL/s 
using the automated power injector, and the second scan started 
30 s after the first scan ended.

  The appropriate injection rate for CB-CTHA was determined 
by the maximum injection rate (which was basically dependent on 
the vessel caliber) that would not cause a backward flow of contrast 

material on the hepatic arteriography. The injection rate was the 
same before and after the inflation of the balloon. The balloon was 
inflated to a diameter 5–10% larger than that of the occluded ar-
tery. Subsequently, MPT was prepared by mixing 60 or 120 mg (1 
or 2 vials) of MPT hydrate in 3 or 6 mL of lipiodol. The maximum 
dose of MPT was limited to 120 mg.

  MPT infusion was performed after balloon occlusion. MPT infu-
sion was continued under balloon occlusion until HCC was filled 
with MPT or portal venous branches were beginning to be filled with 
MPT. Fluoroscopy and digital subtraction angiography during B-
TACE procedures observed whether any limitation of MPT inflow 
into non-tumorous liver parenchyma and dense accumulation in 
HCC nodule were present, and whether or not anastomotic vessels 
with collateral artery were present. Then the balloon was deflated.

  Conventional CT was performed immediately after the B-
TACE. All conventional CT images were obtained using a multi-
detector-row helical CT scanner (Aquilion PRIM; Toshiba Medi-
cal Systems, Tokyo, Japan). The parameters for scanning were as 
follows: collimation, 1 mm; reconstruction, 3 mm; pitch, 15: am-
perage, 300 mA s; kilo voltage, 120 kVp. The images were trans-
ferred to the PACS as DICOM data.

  Using the EV Insite net software, regions of interest were placed 
on both CBCT and conventional CT DICOM images, adjusted to 
1-mm slice thickness, at the same position. The automatically gen-
erated average pixels were recorded.

  Ethics Statement 
 The study was approved by the Ethics Committee of Saiseikai 

Niigata Daini Hospital and was conducted in accordance with the 
principles of the Declaration of Helsinki. The study protocol was 
approved, and written informed consent was obtained from all 
participating patients.

  Statistical Analysis 
 Variable data are expressed as mean ±SD. Categorical variables 

were compared using  χ  2  test or Fisher’s exact test, where appropri-
ate. Continuous variables were compared using the independent 
sample Student’s  t  test or one-way repeated analysis of variance. 
Values of  p  < 0.05 were considered to indicate statistically signifi-
cant differences. Statistical processing was performed using Stat-
View version 5.0 software (SAS Institute, Cary, NC, USA).

  Results 

 The study included 52 patients (40 males and 12 fe-
males; mean age 72.32 ± 7.78 years), with a total of 52 
nodules that were treated with B-TACE using MPT. The 
average diameter of the nodules on conventional CT was 
27.69 ± 6.82 mm ( Table 1 ). The nodules were located at 
segment S1 ( n  = 2), S2 ( n  = 3), S3 ( n  = 3), S4 ( n  = 7), S5 
( n  = 6), S6 ( n  = 7), S7 ( n  = 5), and S8 ( n  = 19).

  CBCT pixel values with balloon occlusion were sig-
nificantly higher than those without balloon occlusion 
( p  = 0.002;  Fig. 1 ). CBCT pixel values increased after bal-
loon occlusion in 37 of the 52 tumors, whereas it de-
creased after balloon occlusion in 15 tumors. The clinical 
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features of the nodules with increased or decreased pixel 
values are given in  Table 2 . There was no significant dif-
ference at baseline between groups with increased and 
decreased pixel values; however, the CT value after B-
TACE in the increased pixel group was significantly high-
er than that in the decreased pixel group ( p  = 0.003).

  Discussion 

 TACE was established for the treatment of HCC 
when surgical resection  [6]  or other locoregional treat-
ments  [7–13]  is not indicated. High concentrations of 
the drug-delivery vehicle lipiodol in the tumor at the 
time of treatment are associated with lower risks of lo-
cal tumor recurrence  [14] . MPT (cis-[((1R, 2R)-1, 2-cy-
clohexanediamine-N, N0)bis(-myristato)]-platinum(II)
monohydrate; Sumitomo Dainippon Pharma Co., Ltd., 
Osaka, Japan) is a novel lipophilic cisplatin derivative 
that can be suspended in lipiodol  [3, 15, 16] .

  Theoretically, MPT is a good agent in terms of its high-
er solubility, stability in lipiodol, and gradual release 
within the tumor.

  However, a recent study reported that the local recur-
rence rate was significantly higher for MPT than for epi-
rubicin with mitomycin C in lipiodol-based superselec-
tive TACE for HCC  [17] .

  This inferior local control with MPT can be attributed 
to its higher viscosity. Various methods of administration 
with MPT are currently being studied to increase its ther-
apeutic efficacy. Irie et al.  [4]  revealed that dense accumu-
lation in the HCC nodule could be achieved by B-TACE 
with doxorubicin and mitomycin C.

  We previously reported that B-TACE with MPT 
achieved relatively good local control of HCC (local re-
currence rate, 11.1% at 6 months and 26.2% at 12 months) 
 [5] . The mechanism of improved local control can be ex-
plained by the presence of anastomotic vessels, viscosity 
of lipiodol emulsion, and difference in size between the 
peripheral vessels in normal parenchyma and the vessels 

Table 1.  Baseline characteristics of the study population

Demographic variables Mean ± SD Range

Age, years 72.32±7.78 50–89
Gender, male:female 40:12
Etiology (HBV/HCV/NonHBVNonHCV) 9/26/17
Size, mm 27.69±6.82 10–40
Location (S1/2/3/4/5/6/7/8) 2/3/3/7/6/7/5/19
Cone-beam CT (pixel) 185.01±98.17 64.0–626.4
Balloon cone-beam CT (pixel) 237.72±179.91 94.6–1,198.1
Post-CT value (HU) 340.36±215.74 122.1–109.2

 HBV, hepatitis B virus; HCV, hepatitis C virus; HU, Hounsfield unit.

Table 2.  Clinical features according to pixel changes after balloon 
occluded cone-beam CT angiography

Demographic variables Decreased Increased p value

Age, years 71.40±9.65 72.70±7.01 0.589
Gender, male:female 13:2 27:10 0.288
Etiology (HBV/HCV/

nonHBV vs. nonHCV) 1/6/8 8/20/9 0.126
Size, mm 26.00±5.73 28.37±7.17 0.259
Location (S1/2/3/4/5/6/7/8) 0/2/0/2/1/3/1/6 2/1/3/5/5/4/4/13 0.746
Cone-beam CT (pixel) 175.34±55.53 188.92±111.35 0.656
Balloon cone-beam CT (pixel) 162.93±42.15 268.92±204.67 0.048
Post-CT value (HU) 208.26±62.66 393.91±232.78 0.003

 HBV, hepatitis B virus; HCV, hepatitis C virus; HU, Hounsfield unit.
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  Fig. 1.  Changes in cone-beam CT pixels with and without balloon 
occlusion of the hepatic artery. 
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feeding into the HCC. Moreover, we concluded that the 
plain CT value immediately after B-TACE with MPT is a 
predictive factor for local recurrence  [5] .

  However, some lesions were not responsive to B-
TACE. Currently, CBCT technology has improved with 
artifact reduction and is already well-established in the 
diagnosis of HCC  [2] . Furthermore, it is possible that 
CBCT can be successfully used to predict HCC tumor 
outcome post-TACE  [18] .

  This study was aimed at evaluating the hemodynamic 
changes with/without balloon occlusion of the hepatic ar-
tery and correlation of CT values after B-TACE for HCC.

  We speculated that CBCT with/without balloon occlu-
sion can provide useful information for the analysis of 
hemodynamic changes.

  In this study, CB-CT pixel values with balloon occlu-
sion were significantly higher than those without balloon 
occlusion. However, CB-CT pixel values after balloon oc-
clusion decreased in some cases.

  In the increased group, postoperative CT value was 
clearly higher, and local recurrence may be sup-
pressed.  By performing CB-CT before and after bal-

loon occlusion, it may be possible to predict the effect 
of  B-TACE using MPT. Whereas lower CB-CT pixel 
values after balloon occlusion groups may be consid-
ered to be ineffective, there is a need to consider other 
strategies.

  In conclusion, following balloon occlusion, intratu-
moral arterial flow can change, presumably due to a col-
lateral pathway. B-TACE for HCC lesions showing de-
creased pixel values after balloon occlusion CBCT may 
have a poor short-term therapeutic effect compared to 
those with increased pixel values.
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 146). Study 2 comprised of 435 patients with unresectable 
HCC classified as CP-A in who sorafenib was introduced 
(naïve:recurrence = 37:   398; CP score 5:   6 = 282:   153; macro-
vessel invasion [MVI]+: extrahepatic metastasis [EHM]+ both 
negative = 124:   226:   143). Changes in hepatic function along 
with CP and albumin-bilirubin (ALBI) score/grade during r-
TACE in Study 1, and prognosis after introducing sorafenib 
in Study 2 were evaluated.  Results:  Hepatic function wors-
ened to CP-B in 9–14% with each TACE procedure, while 18–
21% had a change of classification from ALBI-1 to ALBI-2. 
When the prognosis of patients with the best CP score of 5 
was analyzed, those with ALBI-1 ( n  = 154) had a better out-
come than those with ALBI-2 ( n  = 128) (MST 17.5 vs. 9.9 
months;  p  = 0.01), while ALBI-1 ( n  = 43) patients also showed 

 Keywords 
 Hepatocellular carcinoma · Barcelona clinic liver cancer-B · 
Transarterial catheter chemoembolization · Hepatic 
function · Child-Pugh · Albumin-bilirubin-grade 

 Abstract 
  Background/Aim:  We evaluated the relationship of hepatic 
function with repeated transarterial catheter chemoemboli-
zation (TACE) and prognosis after sorafenib treatment in var-
ious patient cohorts.  Methods:  Study 1 comprised of 212 
Barcelona clinic liver cancer stage-B (BCLC-B) HCC patients 
classified as Child-Pugh A (CP-A) and who had received re-
peated TACE treatments (r-TACE) (naïve:recurrence = 66:  
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a better outcome than ALBI-2 ( n  = 34) patients with a CP 
score of 5 without MVI/EHM (MST: 17.5 vs. 10.0 months;  p  = 
0.029). The Akaike’s Information criterion for ALBI-grade 
(MST: grade 1 vs. 2 = 16.9 vs. 10.4 months;  p  = 0.001) was also 
better than that for CP (MST: score 5 vs. 6 = 14.4 vs. 10.5 
months;  p  = 0.003) (3195.6 vs. 3197.5) in all 435 patients. 
 Conclusion:  The rate of patients with downgraded hepatic 
function during r-TACE, especially with regard to ALBI-grade, 
was not low. ALBI-grade was shown to be a better hepatic 
function assessment tool than CP in patients receiving 
sorafenib treatment. Strict judgment of TACE-refractory sta-
tus in patients with unresectable HCC is needed to improve 
prognosis before downgrading the hepatic function. 

 © 2017 S. Karger AG, Basel 

 Introduction 

 For treating unresectable hepatocellular carcinoma 
(HCC) patients, especially those with Barcelona clinic liv-
er cancer (BCLC)-stage B (BCLC-B), transarterial cathe-
ter chemoembolization (TACE) has been recommended 
 [1]  and used as an effective option for prolonging prog-
nosis worldwide  [2–8] . Recently, sorafenib  [9, 10] , a mo-
lecular targeting drug, has also been found to be effective 
for the treatment of unresectable HCC in patients with 
good hepatic function (Child-Pugh A, CP-A)  [11, 12] .

  To prolong the prognosis of patients with unresectable 
HCC, the notion of TACE-refractory status, which has 
been proposed in both western countries  [13, 14]  and Japan 
 [15, 16]  following the development of sorafenib, has be-
come important. It is well known that hepatic function and 
tumor status have a strong influence on the prognosis of 
HCC patients  [17–20] . When sorafenib is administered to 
patients with unresectable HCC, it is generally understood 
that better hepatic function will relate to good prognosis. 
However, many with unresectable HCC have a history of 
repeated TACE treatments prior to the introduction of 
sorafenib, and few reports have evaluated how repeated 
TACE procedures influence such patients with good he-
patic function. Recently, albumin-bilirubin (ALBI)-score/
grade has been proposed as a new hepatic function assess-
ment method  [21] , while the usefulness of ALBI-grade for 
the assessment of prognosis in HCC in comparison with 
Child-Pugh has also been examined  [19, 22–26] .

  To elucidate the relationship between repeated TACE 
and changes in hepatic function with each procedure, and 
evaluate the importance of hepatic function for improv-
ing prognosis after the introduction of sorafenib in unre-
sectable HCC patients with good hepatic function (CP-

A), especially in those without macro-vessel invasion 
(MVI)/extrahepatic metastasis (EHM), we evaluated 
changes in hepatic function in patients with repeated 
TACE, and compared the assessment of hepatic function 
between Child-Pugh and ALBI-grade at the time of 
sorafenib introduction in relation to prognosis.

  Materials and Methods 

 We analyzed 2 different cohorts. In Study 1, changes in hepat-
ic function (Child-Pugh score, ALBI-score/grade) during repeated 
TACE procedures for the treatment of BCLC-B HCC patients clas-
sified as CP-A were evaluated. Study 2 was performed to elucidate 
the relationship between hepatic function and prognosis after the 
introduction of sorafenib by comparing between Child-Pugh 
score/class and ALBI-grade.

  For Study 1, which focused on elucidating changes in hepatic 
function during repeated TACE procedures, we enrolled 212 
BCLC-B HCC patients with good hepatic reserve function (CP-A) 
who underwent repeated TACE at Ehime Prefectural Central Hos-
pital from January 2000 to December 2016. In Study 2, we analyzed 
435 BCLC-B patients with CP-A in whom sorafenib was intro-
duced at our 9 institutions from May 2009 to December 2016 to 
evaluate prognosis from the viewpoint of hepatic function. 

  In the 212 patients in Study 1, hepatic function was examined 
prior to beginning TACE, then 3 months after the initial, 3 months 
after the second, and 3 months after the third TACE procedure. As 
for the 435 patients in Study 2, we compared the Child-Pugh score 
with ALBI-grade for predicting prognosis following the introduc-
tion of sorafenib to examine a suitable assessment method for he-
patic function at the beginning of sorafenib treatment.

  Dynamic computed tomography or magnetic resonance imag-
ing was performed 3 months after each TACE procedure. When 
recurrence was diagnosed, TACE was performed again and the 
process repeated, when possible. For TACE, a microcatheter was 
inserted into the artery feeding the tumor in the most selective 
manner possible, then a segmental or subsegmental procedure was 
performed. Epirubicin hydrochloride (Farmorubicin ® , Pfizer 
 Japan Inc., Tokyo, Japan) prior to January 2010, or miriplatin hy-
drate (MIRIPLA ® , Sumitomo Dainippon Pharma Co., Ltd., Osa-
ka, Japan) from January 2010, was injected together with lipiodol 
in all cases, after which a gelatin sponge cut into small fragments 
(Gelfoam ® , Upjhn, Kalamazoo, MI, USA) prior to August 2006, 
or small gelatin sponge fragments (Gelpart ® , Nippon Kayaku Co., 
Ltd., Tokyo, Japan) from September 2006 were used for emboliza-
tion. The goal of embolization was to eliminate tumor staining 
without complete obstruction of the hepatic artery.

  For assessment of tumors, the BCLC-B subclassification system 
previously proposed by Kudo  [27]  was used. Hepatic function was 
assessed using both Child-Pugh score/classification and ALBI-
score/grade. In patients positive for the anti-hepatitis C virus (HCV), 
HCC was considered to be due to HCV, while it was considered to 
be caused by hepatitis B virus in patients positive for hepatitis B sur-
face antigen. Patients negative for both anti-HCV and hepatitis B 
surface antigen were identified as non-viral (nonBnonC) HCC.

   All protocols used in Study 1 and Study 2 were approved by 
our Institutional Ethics Committee (IRB No. 28–57).
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  Statistical Analysis 
 Statistical analysis was performed using Welch’s  t  test, Stu-

dent’s  t  test, Mann-Whitney U test, repeated measures of analy-
sis of variance, or Friedman analysis, as appropriate. Prognosis 
was analyzed using a log-rank test with the Kaplan-Meier meth-
od. When multiple comparisons were performed, Holm’s meth-
od was used. Discriminatory abilities of the scoring models were 
assessed using Akaike’s Information criterion (AIC). All statisti-
cal analyses were performed using Easy R (EZR) version 1.29 
(Saitama Medical Center, Jichi Medical University, Saitama, 
 Japan), a graphical user interface for the R Statistical Computing 
Environment (R Foundation, Vienna, Austria). All  p  values were 
derived from 2-tailed tests, with  p  < 0.05 accepted as statistically 
significant.

  Results 

 Study 1 
 Changes in Child-Pugh score for the 212 patients clas-

sified as CP-A (baseline, pre-TACE) are shown in  Figure 
1 a. The number of patients classified as BCLC-B1 was 73 

and as BCLC-B2 was 139. There were 136 patients with a 
Child-Pugh score of 5 and 76 with a Child-Pugh score of 
6 (Table 1). At 3 months after the first, second, and third 
TACE procedure, the Child-Pugh score of patients clas-
sified as CP-A increased to 7 or more in 13.8, 13.5, and 
15.9%, respectively. In addition, serum levels of albumin 
and total-bilirubin were slightly worse ( Fig. 1 b, c), while 
ALBI-score significantly worsened in association with re-
peated TACE procedures ( Fig. 1 d). The ratios of devia-
tion from CP-A at 3 months after each TACE procedure 
were 13.8, 8.6, and 12.1%, respectively, while those of pa-
tients who had deviated from ALBI-1 were 21.4, 19.2, and 
18.4%, respectively.

  The clinical course of a representative case, a 76-year-
old Japanese male, is shown in  Figure 2 . Following 2 treat-
ments with radiofrequency ablation against HCC, TACE 
was repeatedly performed for HCC recurrence (BCLC-
B1). Although no changes in Child-Pugh score were ob-
served during the clinical course, ALBI-score/grade wors-
ened.
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  Fig. 1.  Changes in ( a ) Child-Pugh score, ( b ) serum albumin, ( c ) total-bilirubin, ( d ) and ALBI-score during clin-
ical course of BCLC-B HCC patients with Child-Pugh A who underwent repeated TACE procedures.  ¶   p  < 0.01, 
 §   p  < 0.05; Holm’s method. 
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  Study 2 
 In this study, 435 HCC patients with CP-A were treat-

ed using sorafenib, of which 170 were ALBI-1 and 265 
were ALBI-2. Patients with a Child-Pugh score of 5 com-
prised of 154 patients classified as ALBI-1 and 128 as 
ALBI-2. On the contrary, 89.5% of patients rated as Child-
Pugh 6 were ALBI-2. Adverse events (AEs) at all grades 
were observed in 236 (54.2%) patients (total: 288 events; 
hand-foot syndrome [HFS]: 85, diarrhea: 37, appetite 

loss: 29, erythema multiforme/rash: 26, general fatigue: 
25, others: 86), with 93 grade 3 or 4 AEs observed in 84 
(19.3%) (appetite loss: 15, HFS: 13, liver function abnor-
mality: 10, general fatigue 10, diarrhea: 9, gastrointestinal 
bleeding: 9, others: 27). There were no significant differ-
ences regarding sorafenib medication period, total 
amount of sorafenib, and therapeutic response at 2–3 
months after starting sorafenib between ALBI-1 and 
ALBI-2 patients ( Table 2 ). Both ALBI-grade and Child-
Pugh score showed good stratification of prognosis (MST: 
ALBI-1 vs. ALBI-2, 16.9 vs. 10.4 months,  p  = 0.001; Child-
Pugh score 5 vs. 6, 14.4 vs. 10.5 months;  p  = 0.003). How-
ever, the AIC for ALBI-grade was smaller as compared to 
that for Child-Pugh score (3,195.6 vs. 3,197.5;  Fig. 3 ).

  Of the 435 patients with CP-A, we analyzed 282 with 
Child-Pugh 5 according to ALBI-grade and found that 
those classified as ALBI-1 showed better prognosis than 
those classified as ALBI-2 after the introduction of sorafenib 
(MST: 17.5 vs. 9.9 months;  p  = 0.010;  Fig. 4 a). On the con-
trary, there was no significant difference in BCLC classifi-
cation between these groups (data not shown,  p  = 0.843). 
When the same analysis was performed in 77 of the 282 
patients with Child-Pugh 5 after exclusion of MVI/EHM 
patients, the prognosis of those with ALBI-1 ( n  = 43) was 
better than that of those with ALBI-2 ( n  = 34) after intro-
ducing sorafenib (MST: 17.5 vs. 10.0 months;  p  = 0.039; 
 Fig. 4 b). All grades of AE were observed in 43 (55.6%) of 
these patients (total events: 46 events; HFS: 16, diarrhea: 6, 
appetite loss: 5, general fatigue: 4, others: 15), while 20 AEs 
(grades 3 or 4) were observed in 18 patients (23.4%; HFS: 
5, diarrhea: 4, appetite loss: 3, others: 8). There was no sig-
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  Fig. 2.  Representative cases. A 76-year-old 
Japanese male with Child-Pugh A liver cir-
rhosis due to HCV. After radiofrequency 
ablation (RFA) twice for hepatocellular 
carcinoma (HCC), transarterial catheter 
chemoembolization (TACE) was repeat-
edly performed for HCC recurrence 
(BCLC-B1: maximum 1 cm in diameter, 5 
nodules). Although no changes in Child-
Pugh score were observed during the clini-
cal course, ALBI-score/grade worsened. 
Alb, albumin; T-bil, total-bilirubin; SOR, 
sorafenib treatment.  

Table 1.  Clinical characteristics of 212 patients treated with repeat-
ed transarterial chemoembolization at Ehime Prefectural Central 
Hospital

Age, years (IQR) 72* (64–77)
Gender, male/female 163/49
Etiology, HCV/HBV/HBV and HCV/others 162/6/2/42
AST, IU/L 53* (35–78)
ALT, IU/L 44* (26–66)
Platelets, 104/μL 11.3* (7.9–15.9)
Total-bilirubin, mg/dL 0.7* (0.6–1.0)
Albumin, g/dL 3.8* (3.5–4.1)
Prothrombin time, % 85.0* (77.6–95.9)
Child-Pugh score, 5/6 136/76
ALBI-grade, 1/2 88/124
Naïve/recurrence 65/147
BCLC-B subclassification, B1/B2 73/139

 * Mean value. Values in parenthesis are interquartile range.
HCV, hepatitis C virus; HBV, hepatitis B virus; nonBnonC, ne-

gative for both HBV and HCV; ALBI-grade, albumin-bilirubin 
grade; AST, aspartate aminotransferase; ALT, alanine aminotrans-
ferase; BCLC, Barcelona clinic liver cancer stage.

D
ow

nl
oa

de
d 

by
: 

Ki
nk

i D
ai

ga
ku

 B
yo

in
16

3.
51

.1
65

.5
 - 

11
/2

0/
20

18
 5

:4
9:

56
 A

M

－662－



 Hiraoka    et al. Dig Dis 2017;35:602–610
DOI: 10.1159/000480256

606

Table 2.  Characteristics of Child-Pugh A patients classified as ALBI-1 and -2 treated with sorafenib (n = 435)

ALBI-1 (n = 170) ALBI-2 (n = 265) p value

Age, years 69.0±10.6* 68.6±9.3* 0.726
Gender, male/female 147/23 224/41 0.578
Etiology (HCV/HBV/HBV and HCV/others) 75/39/1/55 128/60/1/76 0.249
AST, IU/L 44.8±30.4* 62.1±37.7* <0.001
ALT, IU/L 36.7±36.2* 44.8±31.4* 0.025
Platelets, 104/μL 17.1±13.2* 14.4±7.2* 0.016
Total-bilirubin, mg/dL 0.65±0.26* 0.88±0.38* <0.001
Albumin, g/dL 4.2±0.3* 3.5±0.3* <0.001
Prothrombin time, % 93.3±15.4* 86.5±10.9* <0.001
Child-Pugh score, 5/6 154/16 128/137 <0.001
BCLC classification, A/B/C 7/55/108 17/86/162 0.517
Naïve/recurrence 19/151 18/247 0.110
Positive for MVI, % 43 (25.3) 82 (30.9) 0.205
Positive for EHM, % 95 (55.9) 135 (50.9) 0.315
Therapeutic response at first follow-up with imaging modality 

2–3 months after introducing sorafenib (CR/PR/SD/PD/ND) 2/13/49/74/32 2/26/73/125/39 0.511
Second-line treatment after sorafenib 

(performed/not performed/with sorafenib) 57/91/22 65/160/40 0.012
Average period of sorafenib treatments, months 7.6±9.7* 7.6±10.7* 0.939
Total amount of sorafenib, mg 110,034.6±146,217.7* 122,006.1±372,562.0* 0.710
Reasons for stopping sorafenib treatment 

(in treatment/PD/AE/unknown) 22/80/47/21 13/138/74/40 0.106

 * Mean value ± SD. 
ALBI-grade, albumin-bilirubin grade; HCV, hepatitis C virus; HBV, hepatitis B virus; nonBnonC, negative for both HBV and HCV; 

AST, aspartate aminotransferase; ALT, alanine aminotransferase; BCLC, Barcelona clinic liver cancer stage; MVI, major vessel invasion; 
EHM, extrahepatic metastasis; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ND, no data; 
AE, adverse event.
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  Fig. 3.  Overall survival after introducing sorafenib in all Child-
Pugh A patients ( n  = 435).  a  The median survival time (MST) for 
ALBI-1 ( n  = 170) as compared to ALBI-2 ( n  = 265) patients (16.9 
vs. 10.4 months;  p  = 0.001, AIC: 3,195.6).  b  The MST for patients 

with a Child-Pugh (CP) score of 5 ( n  = 282) as compared to those 
with a score of 6 ( n  = 153) (14.4 vs. 10.5 months;  p  = 0.003, AIC: 
3,197.5). 
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nificant difference with regard to the BCLC-B subclassifi-
cation (Kindai criteria)  [27]  between these groups ( p   = 
0.752;  Table 3 ). The number of past TACE performed in 
patients with ALBI-1 was 3.0 ± 2.7, while that in patients 
with ALBI-2 was 3.9  ± 3.0 ( p   = 0.156). The period of 
sorafenib medication, total amount of sorafenib, and ther-
apeutic response at 2–3 months after starting sorafenib 
were not significantly different between patients classified 
as ALBI-1 and those classified as ALBI-2 ( Table 3 ). How-
ever, the frequency of treatments after discontinuing 
sorafenib was greater in ALBI-1 patients, after exclusion of 
9 cases that continued sorafenib ( p  = 0.007).

  Discussion 

 TACE has been reported to be effective as a palliative 
treatment for HCC patients classified as BCLC-B  [2–4] . 
Recently, following the development of sorafenib thera-
py, the concept of TACE-refractory status has been pro-
posed in both western countries and Japan  [15, 16] . Oga-
sawara et al.  [28]  and Arizumi et al.  [29]  both reported 
that the overall survival period of patients whose treat-
ment was switched to sorafenib due to TACE-refractory 
status was better than those who continued undergoing 
TACE after becoming TACE-refractory.

  Many patients with unresectable HCC have a history of 
repeated TACE treatments prior to beginning sorafenib. 
When MVI or EHM is observed, clinicians will often 
switch from TACE to the next therapy without hesitation. 
However, such a switch in TACE-refractory patients is not 
always attempted in those without MVI or EHM, and clas-
sified as CP-A. In fact, 23.4% of Japanese clinicians con-
tinue TACE even with TACE-refractory patients  [15] . 
Thus, we considered some possible explanations regarding 
these findings. First, even though results of imaging find-
ings were matched to the Japanese definition of TACE-
refractory, clinicians judged the therapeutic response as 
SD. It is also possible that some clinicians want to re-try 
TACE by changing chemo-agents, embolization particles, 
or catheter devices, such as beads  [30, 31]  or a balloon cath-
eter  [32, 33] . Even after excluding patients who no longer 
continued with TACE because of worsening hepatic func-
tion or progression of HCC, the present findings showed 
that repeated TACE procedures made hepatic function 
worse at a fixed frequency, while the deviation rate for 
worsened grade according to an increased number of 
TACE procedures was larger when patients were assessed 
using ALBI-grade rather than Child-Pugh classification. 
Our results suggest that tenacious continued TACE proce-
dures might reduce not only hepatic function, but also 
prognosis after switching to the next therapeutic modality.
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  Fig. 4.  Overall survival of patients with a Child-Pugh score of 5 
after introducing sorafenib.    a  Among all patients with a Child-
Pugh (CP) score of 5 ( n  = 282), the median survival time (MST) 
for those classified as ALBI-1 ( n  = 154) was better than that of those 
classified as ALBI-2 ( n   = 128) (17.5 vs. 9.9 months;  p   = 0.010). 

 b  Analysis of 77 patients with CP 5 and BCLC-B. After exclusion 
of cases with major vessel invasion and/or extrahepatic metastasis, 
the MST of these patients classified as ALBI-1 ( n  = 43) was better 
than that of those classified as ALBI-2 ( n   = 34) (17.5 vs. 10.0 
months;  p  = 0.039). 
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  Even among patients with the best Child-Pugh score 
of 5, those classified as ALBI-1 had a better overall sur-
vival as compared to those classified as ALBI-2, with the 
same results observed after exclusion of patients with 
MVI/EHM (MST: 17.5 vs. 10.0 months,  p  = 0.039). Our 
findings suggest that the introduction of sorafenib to 
TACE-refractory patients with the best ALBI-grade 1 
may be more effective in prolonging prognosis. We 
considered the major reason for this finding was that 
treatment after sorafenib failure was more easily per-
formed in patients classified as ALBI-1 as compared to 
ALBI-2 because of their good reserve hepatic function. 
A recent report by Piinato noted that the ability to pre-
dict post-sorafenib overall survival was easier when 
based on ALBI-grade than on Child-Pugh classification 
 [34] . Moreover, this study found that the median post-
sorafenib overall survival in ALBI-1, -2, and -3 patients 
eligible for second-line therapy was 17.5, 7.5, and 1.9 
months, respectively ( p  < 0.001). Thus, maintaining a 

good ALBI-grade (1) when introducing sorafenib is 
thought to be important to improve the prognosis of 
unresectable HCC patients. If ALBI-grade is 2 at diag-
nosis of BCLC-B and unresectable HCC, then TACE-
refractory status should be assessed more strictly for 
avoiding a worsening hepatic function more with con-
tinuing TACE, so as to not lose the chance of switching 
to a molecular target drug. High levels of tumor mark-
ers  [35]  (positive for 2 of the following factors: alpha-
fetoprotein >100 ng/mL, fucosylated alpha-fetoprotein 
>10%, des-gamma carboxyprothrombin >100 mAU/
mL) after 2 TACE procedures was reported to be poor 
as a prognostic marker in HCC patients with BCLC-B 
 [36] , thus it is important to focus on malignant poten-
tial and maintain hepatic function other than response 
in such patients.

  The present results suggest that ALBI-score gradu-
ally worsens with continued TACE, though the ratio of 
worsening hepatic function is not low even after a few 

Table 3.  Characteristics of Child-Pugh 5 patients classified as ALBI-1 and -2 without macrovessel invasion or extrahepatic metastasis 
treated with sorafenib (n = 77)

ALBI-1 (n = 43) ALBI-2 (n = 34) p value

Age, years 71.4±10.0 70.3±7.5 0.573
Gender, male/female 37/6 31/3 0.600
Etiology (HCV/HBV/HBV and HCV/others) 21/8/0/14 16/6/0/12 0.839
AST, IU/L 40.9±24.1* 62.4±31.2* 0.004
ALT, IU/L 33.0±25.3* 54.0±25.5* 0.002
Platelets, 104/μL 16.2±6.6* 14.5±6.5* 0.301
Total-bilirubin, mg/dL 0.62±0.22* 0.79±0.30* 0.006
Albumin, g/dL 4.1±0.3* 3.7±0.2* <0.001
Prothrombin time, % 95.9±12.8* 88.6±8.8* 0.010
BCLC-B subclassification (B1/B2) 8/35 6/28 0.752
Number of TACE procedures for BCLC-B stage HCC before 

sorafenib treatment 3.0±2.7* 3.9±3.0* 0.156
Naïve/recurrence 1/42 1/33 0.823
Therapeutic response at first follow-up with imaging modality 

2–3 months after introducing sorafenib (CR/PR/SD/PD/ND) 1/5/16/11/10 0/2/9/18/5 0.538
Second-line treatment after sorafenib (performed/not performed/

with sorafenib)§ 21/13/9 9/25/0 0.287
Average period of sorafenib treatments, months 8.9±10.5* 7.2±9.4* 0.425
Total amount of sorafenib, mg 127,055.2±126,631.1* 84,533.1±118,115.2* 0.166
Reasons for stopping sorafenib treatment (in treatment/PD/

AE/unknown) 9/18/11/5 0/16/12/6 0.039

 * Mean value ± SD.
§ After exclusion of 9 cases that continued sorafenib, the frequency of treatments after discontinuing sorafenib was greater in ALBI-

1 patients (p = 0.007).
ALBI-grade, albumin-bilirubin grade; HCV, hepatitis C virus; HBV, hepatitis B virus; nonBnonC, negative for both HBV and HCV; 

AST, aspartate aminotransferase; ALT, alanine aminotransferase; BCLC, barcelona clinic liver cancer stage; CR, complete response; PR, 
partial response; SD, stable disease; PD, progressive disease; ND, no data; AE, adverse event.
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sponse rate was 9.1%, and the disease control rate was 
72.7%. No treatment-associated mortalities were observed. 
Grade 3 hypophosphatemia was observed in 2 patients, 
grade 2 anorexia was observed in 5 patients, and grade 3 
neutropenia was observed in 2 patients. Grade 2 and grade 
3 thrombocytopenia were observed in 2 and 3 patients, re-
spectively. All treatment-related adverse events were im-
proved by reduction or interruption of regorafenib. Five pa-
tients showed decreased serum albumin levels.  Conclusion:  
Sorafenib and regorafenib sequential therapy presents a 
safe and effective treatment option for patients with ad-
vanced HCC.  © 2017 S. Karger AG, Basel 

 Introduction 

 Sorafenib is the standard treatment for patients with 
advanced-stage (Barcelona Clinic Liver Cancer [BCLC] 
stage C) hepatocellular carcinoma (HCC) with vascular 
invasion and/or extrahepatic spread, and also for patients 
with intermediate-stage disease (BCLC stage B) who do 
not respond to transcatheter arterial chemoembolization 
(TACE)  [1–5] .

 Keywords 
 Hepatocellular carcinoma · Sorafenib-regorafenib 
sequential therapy · Second-line treatment · Sorafenib · 
Regorafenib 

 Abstract 
  Objectives:  Previously, no therapeutic agent has been 
known to improve the overall survival compared with pla-
cebo in patients with hepatocellular carcinoma (HCC), who 
have progressed after sorafenib. In this patient population, 
regorafenib was first demonstrated to confer a survival ben-
efit in the RESORCE trial, and subsequently it was approved 
as a second-line treatment for patients with advanced HCC. 
An open-label expanded access program (EAP) of rego-
rafenib was implemented for compassionate use. We inves-
tigated the efficacy and safety of regorafenib based on our 
experience of the RESORCE trial and the EAP.  Methods:  Data 
from 5 patients from the RESORCE trial and 6 from the EAP 
were analyzed retrospectively. All patients had tolerated pri-
or sorafenib and were progressing during sorafenib treat-
ment.  Results:  The median progression-free survival was 9.2 
months (95% CI 2.3–16.1). One patient achieved a partial re-
sponse and 7 achieved stable disease. The objective re-
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  Following the approval of sorafenib, several other mo-
lecular targeted agents have been investigated for first-
line use as an alternative to sorafenib or as a second-line 
treatment for patients with progressive disease or those 
intolerant to sorafenib. However, in trials of these agents, 
primary endpoints were not met  [6–12] . Thus, sorafenib 
remains the only systemic therapeutic agent available for 
the treatment of advanced HCC.

  In May 2016, the results of a regorafenib phase III 
study (RESORCE) were first reported, and were subse-
quently published in 2017  [13] , and represent a promis-
ing treatment option for patients progressing on sorafenib 
 [14] . Subsequently, an open-label expanded access pro-
gram (EAP) of regorafenib treatment in patients with 
HCC who have progressed after sorafenib was conducted 
for compassionate use in patients in Japan from March 
2017 to June 2017.

  In this study, we investigated the efficacy and safety of 
regorafenib based on our experience of the RESORCE 
study and the EAP.

  Materials and Methods 

 We participated in the RESORCE study, a phase III global trial 
to investigate the efficacy and safety of regorafenib compared with 
placebo in HCC patients progressing on sorafenib  [13] . Thirteen 
patients were registered to the RESORCE trial, 5 of who were al-
located to the regorafenib arm. From March 2017 to May 2017, 6 
patients were registered to the EAP at our hospital. In total, data 
from 11 patients registered to these 2 trials were investigated in this 
study.

  The inclusion and exclusion criteria were almost identical be-
tween the RESORCE study and the EAP. Eligible patients had un-
resectable HCC, confirmed by pathological or radiographic find-
ings, and were BCLC stage B or C. Patients must have tolerated 
sorafenib ( ≥ 400 mg daily for at least 20 of 28 days before continu-
ation) and were required to have Child-Pugh A liver function. Pa-
tients were excluded if they had discontinued sorafenib for intoler-
able toxicity.

  Patients received 160 mg regorafenib orally once daily for 
3 weeks in each 4-week cycle, with best supportive care. Treatment 
interruption and dose reductions (to 120 mg and then to 80 mg) 
were permitted according to toxicity.

  Progression-free survival (time from the initial administration 
to radiological or clinical disease progression or death), time to 
progression (time from the initial administration to radiological or 
clinical disease progression), objective response rate (complete or 
partial response), and disease control rate (complete response, par-
tial response, or stable disease maintained for  ≥ 6 weeks) were as-
sessed by investigators, according to the modified Response Evalu-
ation Criteria in Solid Tumors  [15] . Adverse events were graded 
according to the National Cancer Institute Common Terminology 
Criteria for Adverse Events (NCI-CTCAE) version 4.03.

  These trials were approved by the institutional review board of 
our hospital and complied with Good Clinical Practice guidelines.

  Results 

 Baseline Characteristics 
 The median age of patients was 64.6 years (range 40–

77). Eight were male and 3 were female. HCC derived 
from HBV, HCV, nonBnonC, and alcohol was 3, 4, 3, and 
1, respectively. Five patients had a Child-Pugh score of 5 
and 6 had a Child-Pugh score of 6, with good perfor-
mance status. Most patients had major vessel invasion 
and/or extrahepatic spread and were classified as BCLC 
stage C ( Table 1 ).

  Treatment 
 The reason for the discontinuation of sorafenib was 

progressive disease. The last dose of sorafenib was 800 
mg daily in 6 patients and 400 mg in 5 patients. The me-

Table 1. Patient background

Age, years, median (range) 64.6 (40–77)
Gender

Male 8
Female 3

Etiology
HBV 3
HCV 4
NBNC 3
AL 1

Child-Pugh score
Score 5 5
Score 6 6

ECOG Performance status
0 10
1 1

TNM stage according to LCSGJ
Stage III 1
Stage IVA 2
Stage IVB 8

BCLC stage
BCLC B 1
BCLC C 10

UICC
Stage II 1
Stage IIIB 2
Stage IVB 8

Major vessel invasion
Yes 4
No 7

Extrahepatic metastasis
Yes 8
No 3

 LCSGJ, Liver Cancer Study Group of Japan; BCLC, Barcelona 
Clinic Liver Cancer; UICC, Union for International Cancer Con-
trol.
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dian duration of prior sorafenib treatment was 5.9 
months. The starting dose of regorafenib was 160 mg dai-
ly. At the data cutoff date (30 June 2017), 4 patients re-
mained on treatment. In the remaining 7 patients, the 
reasons for treatment discontinuation were disease pro-
gression ( n  = 5, 45.5%) and withdrawal of consent ( n  = 
2, 18.2%). The median duration of regorafenib treatment 
was 6.8 months in the RESORCE trial and 2.6 months in 
the EAP.

  Efficacy 
 The median progression-free survival was 9.2 months 

(95% CI 2.3–16.1;  Fig. 1 ). One patient achieved a partial 
response ( Fig. 2 a, b) and 7 patients achieved stable dis-
ease. The objective response rate was 9.1% and the disease 
control rate was 72.7% ( Table 2 ).

  Safety 
 All patients were assessed for toxicity. No treatment-

associated mortalities were observed. The drug-related 
adverse events are summarized in  Table 2 . No G4 events 
were observed. Grade 3 hypophosphatemia without 
symptoms was observed in 2 patients, grade 2 anorexia 
was observed in 5 patients, and grade 3 neutropenia was 
observed in 2 patients. Grade 2 and grade 3 thrombocy-
topenia were observed in 2 and 3 patients, respectively. 
All treatment-related adverse events were improved by 
the reduction or interruption of regorafenib treatment. 
Toxicities of regorafenib tended to be similar to those of 
sorafenib ( Table 3 ). Five patients showed decreased se-
rum albumin levels, <3.0 mg/dL. The changes in serum 
albumin levels are shown in  Figure 3 .

  Discussion 

 Regorafenib is a small molecule that inhibits angio-
genic kinases (VEGFR1/3, platelet-derived growth factor 
receptor-beta, and fibroblast growth factor receptor 1) 
and the mutant oncogenic kinases KIT, RET, and B-RAF 
 [16] . A multicenter, open-label, phase II safety study re-
vealed that regorafenib had acceptable tolerance and 
showed evidence of antitumor activity in patients with 
intermediate or advanced HCC who had progressed to 
sorafenib  [17] . Subsequently, the randomized, placebo-
controlled, phase III RESORCE trial was conducted and 
demonstrated a statistically significant advantage in the 
overall survival from 7.8 months with placebo to 10.6 
months with regorafenib in patients progressing on 
sorafenib  [13] . Regorafenib has been approved for clini-

cal use since June 2017 as a second-line treatment for 
patients with advanced HCC and progression on 
sorafenib.

  In our hospital, 11 HCC patients were treated with 
regorafenib. Despite the failure of sorafenib treatment, a 
partial response was observed in one patient, and 7 pa-
tients achieved stable disease with relatively high toler-
ance. All patients had disease progression on sorafenib 
and had received long-term sorafenib treatment.

  Des-gamma-carboxyprothrombin  [18]  level was in-
creased following administration of regorafenib, but de-
creased immediately after the reduction or interruption 
of regorafenib in the patient who showed a partial re-
sponse ( Fig. 2 b). This paradoxical change in des-gamma-
carboxyprothrombin caused by ischemic changes in he-
patocytes is frequently observed with sorafenib treatment 
 [19] .

  The toxicities associated with regorafenib, such as 
hand-foot skin reaction, hypertension, or diarrhea, are 
similar to those of sorafenib because of structural simi-
larities between the 2 agents. From our experience, 
sorafenib toxicities tended to reappear with successive 
regorafenib treatment. If treatment-related adverse 
events were observed in prior sorafenib treatment, careful 
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  Fig. 1.  Progression-free survival. Kaplan-Meier estimate of pro-
gression-free survival from start of treatment to data cutoff date of 
30 June 2017. The median progression-free survival was 9.2 
months (95% CI 2.3–16.1). 
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  Fig. 2.   a  CT scan images of EAP case with partial response.  a ,  b  CT 
scan images of an EAP case ( a ) of a 40-year-old female with HCC 
in multiple locationsthe liver. The right pleural effusion was the 
result of prior TACE without ascites. After one cycle of rego-
rafenib, some tumors disappeared, and almost all showed hypo-
vascular changes and shrinkage. The clinical course of this case is 

shown in  b . Alpha-fetoprotein (AFP) was decreased after the ad-
ministration of regorafenib. Des-gamma-carboxyprothrombin 
(DCP) was increased after the administration of regorafenib, but 
reduction or interruption of regorafenib caused DCP level to de-
crease. This phenomenon is frequently associated with sorafenib 
treatment.  b  Clinical course of EAP case with partial response. 
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management during successive regorafenib treatment is 
required, with a focus on the adverse events observed 
during sorafenib treatment.

  The emergence of regorafenib in the clinical field has 
impacted HCC treatment options. Kudo  [20]  performed 

a simple comparison of the overall survival between 
TACE alone (from the placebo arm of the brivanib-TACE 
trial, which has the most conclusive overall survival data 
on TACE alone) and sorafenib-regorafenib sequential 
therapy (the regorafenib arm of the RESORCE trial). The 

Response n %

Complete response 0 0
Partial response 1 9.1
Stable disease 7 63.6
Progressive disease 2 18.2
Not evaluable 1 9.1
ORR 9.1
DCR 72.7

ORR, objective response rate; DCR, disease control rate.

Case Sorafenib (as a prior treatment)  Regorafenib

adverse events grade ad verse events grade

Case 1 Alopecia G1 Hypoalbuminemia
Hypophosphatemia
Weight loss
Anorexia

G2
G3
G2
G2

Case 2 HFSR
Hypertension

G2
G1

HFSR
Hypertension

G3
G3

Case 3 HFSR G2 Proteinuria
Malaise 

G2
G2

Case 4 Alopecia G1 Anorexia
Lipase increased

G2
G3

Case 5 Proteinuria
Hypertension
Hypothyroidism
Diarrhea
Dysgeusia
Alopecia
HFSR

G2
G2
G2
G2
G2
G1
G2

Proteinuria
Hypertension
Hypothyroidism
Anorexia
Anemia
Hypophosphatemia
Thrombocytopenia

G3
G3
G2
G2
G2
G3
G2

Case 6 Diarrhea
Alopecia
Pruritus

G1
G1
G1

Diarrhea
Anorexia

G2
G2

Case 7 HFSR Unknown Malaise
Anorexia

G2
G1

Case 8 Thrombocytopenia
Neutropenia
Hypertension
HFSR

G3
G3
G2
G2

Thrombocytopenia
Neutropenia

G2
G3

Case 9 HFSR
Diarrhea

G2
G1

HFSR
Malaise
Thrombocytopenia
Neutropenia

G1
G2
G3
G3

Case 10 No data Nothing
Case 11 HFSR G2 HFSR G3

HFSR, hand-foot skin reaction.

Table 2. Response rate and disease control 
rate

Table 3.  Drug-related adverse event
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overall survival for TACE alone in patients with interme-
diate-stage disease and patients with advanced-stage dis-
ease receiving sorafenib-regorafenib sequential therapy 
were almost identical, at 26.0 and 26.1 months, respec-
tively. To maximize the therapeutic potential of rego-
rafenib when locoregional therapy, especially TACE, is 
refractory  [21, 22] , patients should immediately receive 
sorafenib-regorafenib sequential therapy while the liver 
function is preserved.

  Limitations of the present study were that it was a 
single institute study with a small sample size, and the 
duration of observation in the EAP was relatively 
short.

  In conclusion, sorafenib and regorafenib sequential 
therapy is an effective treatment option for patients with 
advanced HCC. Patients who are suitable for regorafenib 
treatment should be carefully selected to ensure a success-
ful treatment outcome.
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 Introduction 

 Hepatocellular carcinoma (HCC) is still one of the 
leading causes of cancer-related mortalities worldwide, 
accounting for more than 780,000 deaths per year  [1] . Re-
currences after curative treatments, such as resection and 
ablation  [2, 3],  are one of the characteristics of this tumor, 
which results in a rapid progression of the tumor to a 
more advanced stage. So far, the administration of 
sorafenib has been the only treatment for advanced stage 
HCC resistant to curative and other palliative treatments, 
such as radiofrequency ablation (RFA)  [4, 5] , hepatic re-
section  [6] , and transcatheter arterial chemoemboliza-
tion (TACE)  [7, 8] . Based on clinical trials of molecular 
targeting agents, regorafenib, a drug currently indicated 
for metastatic colon cancer and unresectable gastrointes-
tinal stromal tumors, is also known to be effective in 
sorafenib-resistant HCC patients  [9, 10] . Another multi-
kinase inhibitor, lenvatinib that targets vascular endothe-
lial growth factor receptor 1–3, fibroblast growth factor 
receptor 1–4, rearranged during transfection, KIT proto-
oncogene receptor tyrosine kinase (KIT), and platelet-de-
rived growth factor receptor  [11] , has shown success in 
phase III frontline HCC trials  [12, 13] . However, tumors 
acquire drug resistance through acquisition of somatic 

 Keywords 
 Hepatocellular carcinoma · Treatment · Immune checkpoint 
inhibitors · Molecular targeting agent 

 Abstract 
 With the development of molecular targeting therapy, sev-
eral treatment options for advanced hepatocellular carcino-
ma (HCC) have become available in cases where curative and 
other palliative treatments, such as radiofrequency ablation, 
surgical resection, and transarterial chemoembolization, are 
not applicable. However, with the detection of a variety of 
mutations in cancer-related genes in a single tumor, molecu-
lar heterogeneity is commonly observed in HCC. Therefore, 
mutations in the major cellular signaling pathways underlie 
the development of resistance to molecular targeting 
agents. On the contrary, immune checkpoint inhibitors have 
proven effective in patients who are refractory to conven-
tional treatments and molecular targeting therapy. Several 
clinical trials are currently investigating the efficacy of im-
mune checkpoint inhibitors both individually and in combi-
nation with other types of anticancer agents. In this review, 
we focus on the potential of immune checkpoint blockade 
in the treatment of human HCC. 
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mutations  [14, 15] . The heterogeneous mutational pro-
files of HCCs that account for their genetic diversity are 
well described  [16, 17] . The emergence of mutations dis-
rupting targeted signaling pathways results in the devel-
opment of resistance to the corresponding molecular tar-
geting agents  [14] . However, immunotherapy, using im-
mune checkpoint inhibitors, is a promising approach for 
HCC patients non-responsive to other treatments includ-
ing molecular targeting therapies  [18–22] . Since immu-
notherapy targets the immune cells to restore an antitu-
mor immune reaction, the response should not be dis-
rupted by the presence of specific driver mutations  [23] . 
Furthermore, once an antitumor response has been 
achieved, long-term effects could be expected. Here, we 
summarize the application of immune checkpoint inhib-
itors, and describe enhancement of the effect of immune 
modulation in the treatment of advanced HCC.

  Treatment of HCC with Immune Checkpoint 
Inhibitors 

 Several immune checkpoints are involved in the sup-
pression of an antitumor immune response  [24] . Anti-
bodies against these checkpoints such as anti-pro-
grammed cell death-1 (PD-1), anti-PD-ligand 1 (PD-L1), 
and anti-cytotoxic T-lymphocyte-associated antigen 4 
(CTLA-4) are now clinically available for treatment of 
human cancers. CTLA-4 is constitutively expressed in 
regulatory T cells (Treg) and activated T cells. It binds to 
its ligands CD80 and CD86 on antigen-presenting cells 
and interrupts T cell activation by competing with the co-
stimulatory molecule CD28. CTLA-4 would rather be in-
volved in the initial phase of an immune response, main-
ly in the regional lymph nodes by regulating the activa-
tion of CD4 +  T cells. However, for the regulation of T cell 
responses in peripheral tissues, the binding of PD-1 to 
PD-L1 is believed to be critical. PD-1 is present in several 
types of immune cells, such as CD4 + , CD8 + T cells, Treg, 
B cells, monocytes, and dendritic cells  [24] . There are 2 
types of PD-1 ligands, PD-L1 and PD-L2; the former is 
expressed in hematopoietic, endothelial, and some kinds 
of parenchymal cells, whereas the latter is detected spe-
cifically in hematopoietic cells. Cancer cells, including 
HCC, express PD-L1; therefore, blocking the engagement 
of PD-1 with PD-L1 should directly restore the attack of 
tumor cells by cytotoxic T cells  [23] . A phase II trial of 
tremelimumab, a CTLA-4 inhibitor in patients with hep-
atitis C virus-related HCCs, showed a partial response 
rate (PR) of 17.6%, disease control rate (DCR) of 76.4%, 

and time to progression periods (TTP) of 6.48 months 
(95% CI 3.95–9.14)  [25] . Patients without reductions in 
the serum levels of IFN-γ during the treatment showed 
greater tumor reduction than those with reductions in 
IFN-γ  [25] .

  Currently, clinical trials of anti-PD-1 antibody 
(nivolumab, pembrolizumab) and anti-PD-L1 antibody 
(durvalumab) both individually and in combination with 
anti-CTLA-4 antibody (ipilimumab, durvalumab) are 
ongoing  [18] . At the end of phase I/II trials of nivolumab 
(CheckMate 040), an objective response rate (OR) was 
observed in 20% of the 214 HCC patients who received 3 
mg/kg of nivolumab every 2 weeks (expansion cohort), 
and a DCR was observed in 64% of the patients  [26] . In 
sorafenib-treated patients, 19% showed an OR including 
5 cases with complete response, suggesting that immune 
checkpoint blockade could be effective even in the cases 
refractory to molecular targeting agents  [26] . An evalua-
tion of the association between PD-L1 expression and re-
sponse to the anti-PD-L1 antibody revealed no significant 
difference in the OR between the PD-L1-positive (26%) 
and PD-L1-negative (19%) HCC patients. An analysis of 
the association in 44 patients of the dose-escalation co-
hort showed a 27% and 12% OR in patients with PD-L1-
positive and PD-L1-negative tumors, respectively  [26] . 
Based on the data from the dose-escalation and expansion 
cohorts, there is probably a trend between PD-L1 expres-
sion and tumor response; PD-L1-positive tumors show a 
better response than the PD-L1-negative tumors, al-
though not significant. Since the anti-PD-1 antibody can 
interact both with tumor tissues and lymphoid tissues, it 
would be effective in some PD-L1-negative HCCs as well. 
Conversely, since several immunosuppressive molecules, 
including the immune checkpoint molecules, help estab-
lish an immunosuppressive tumor microenvironment, 
the expression of PD-L1 on HCC cells is not necessarily a 
marker of good anti-PD-1 antibody response. Therefore, 
a combination of PD-L1 expression and other biomark-
ers could be potentially useful predictors of the anti-tu-
mor effects of immune checkpoint inhibitors.

  Combination of Immune Checkpoint Inhibitors with 
Other Treatments for HCC 

 Based on the data from the CheckMate 040 study, es-
pecially in sorafenib-resistant HCC patients, monothera-
py with anti-PD-1 antibody is expected to produce results 
comparable to those from phase III clinical trials of 
sorafenib and regorafenib  [7, 9, 26] .  Table 1  compares the 
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OR, DCR, and median TTP from the clinical trials of (a) 
sorafenib in advanced HCC patients without any previ-
ous systemic treatment (Phase III: SHARP trial), (b) rego-
rafenib in patients with HCC progression, who were pre-
viously on sorafenib treatment (Phase III: RESCORE tri-
al), and (c) nivolumab in advanced HCC patients who 
were either sorafenib untreated or intolerant and pro-
gressor. Currently, phase III trials comparing the effica-
cies of nivolumab with sorafenib are ongoing. 

  Several other novel trials combining immune check-
point inhibitors with other treatments are also underway. 
It was reported that a phase II study of tremelimumab as 
a single agent to treat HCC revealed a PR of 17.6%, a me-
dian TTP of 6.48 months, and a median overall survival 
of 8.2 months  [25] . On the contrary, Duffy et al. have re-
ported the effect of tremelimumab, an anti-CTLA-4 anti-
body, in combination with RFA or TACE in advanced 
HCC patients; 26.3% of patients showed a PR, a median 
TTP of 7.4 months, and an overall survival of 12.3 months 
 [27] . Interestingly, tremelimumab in combination with 
ablation induced the accumulation of intratumoral CD8 +  
T cells. Depending on the treated region, ablation in-
duced a decrease in tumor volume as well, leading to the 

release of tumor-associated antigens from HCC cells and 
activated CD8 +  T cells, which in turn could have en-
hanced the antitumor effect of tremelimumab to tumors 
at a distance  [27] . The effectiveness of tremelimumab at 
lower doses, in combination with RFA or TACE, indi-
cates that immune checkpoint inhibitors are more effec-
tive in combination with other conventional treatments, 
rather than as a single agent.

  A combination of anti-PD-L1 and radiation has been 
shown to be more effective in suppressing tumor growth 
and improving survival in a murine HCC model, com-
pared to these treatments given individually  [28] . Radia-
tion by activating interferon (IFN)-γ/transducers and ac-
tivator of transcription (STAT3) signaling induced the 
expression of PD-L1 and infiltration of CD8 +  T cell in 
HCCs resulting in the antitumor effect of anti-PD-L1. 

  In the HCC microenvironment, immunosuppressive 
cytokines, chemokines, and stromal cells could counter 
the effects of immune checkpoint inhibitors  [29] . For ex-
ample, a high IL-6 expression in cancer-associated fibro-
blasts reportedly can lead to both the recruitment of im-
munosuppressive myeloid-derived cells and the induction 
of immune checkpoints molecules, which in turn could 

Table 1.  Comparison of the clinical trials of molecular targeting agents and anti-PD-1 antibody in advanced hepatocellular carcinoma

Drug Classification Clinical
trial

Subjects Number of 
patients

OR, 
%

DCR, 
%

TTP
(95% CI)

OS
(95% CI)

Ref.

Sorafenib Mutikinase 
inhibitor

SHARP
(Phase III)

HCC patients who 
had not received 
previous systemic 
treatment

299 2 43 5.5 (4.1–6.9) 10.7 (9.4–13.3) 2

Regorafenib Mutikinase 
inhibitor

RESCORE
(Phase III)

HCC patients who 
tolerated and 
progressed 
on sorafenib 

379 11 65 3.2 (2.9–4.2) 10.6 (9.1–12.1) 3

Nivolumab Anti-PD-1
antibody

CheckMate 040
(Phase I/II)

HCC patients who 
progressed while 
receiving at least one 
previous line of 
systemic therapy, 
including sorafenib, 
or who were 
intolerant of or 
refused sorafenib 
treatment

214 20 64 9.9 (8.3–N.E.)* N.R. 16

TTP and OS are shown as median (month).  OR, objective response; DCR, disease control rate; TTP, time to progression (duration 
of response); OS, overall survival; N.E, not estimated; N.R., not reached. Ref., reference number cited in the text.

* Duration of response. 
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result in the establishment of an immunosuppressive mi-
croenvironment  [30] . Therefore the combination of agents 
that inhibit IL-6 and immune checkpoints could also have 
the potential to overcome anti-PD-L1 resistance.

  Chen et al.  [31]  also reported an improvement in the 
tumor response to anti-PD-1 therapy by intervening with 
the hypoxic and immunosuppressive microenviron-
ments using agents, such as inhibitors of stromal cell-de-
rived 1α (C-X-C receptor type 4: CXCR4). They showed 
that sorafenib-induced hypoxia promotes the expression 
of PD-L1 as well as the induction of immunosuppressive 
Treg and M2-type macrophages, with CXCR4 mediating 
the recruitment of these cells. Inhibition of CXCR4 sup-
pressed the tumor growth, reduced metastasis, and im-
proved survival in combination with anti-PD-1 after 
sorafenib treatment  [31] .

  Conclusion 

 Based on the promising results from the present phase 
III clinical trial of molecular targeting agents, new strate-
gies for treatment of advanced HCC can be designed for 
the better control of tumor growth  [13] . However, muta-
tional heterogeneity of HCC cells eventually leads to the 
development of resistance to these chemotherapeutic 
agents  [14, 32, 33] . Recent studies have shown that the 
inhibition of immune checkpoints has a great potential to 

be effective against advanced HCCs that have become 
drug resistant. However, considering the immunosup-
pressive tumor microenvironment and the mutation bur-
den of HCC, which could be related to the antigenicity of 
the tumor, immunotherapy using immune checkpoint 
inhibitors could have its limitations. The limited tumor 
responses seen during the clinical trials of immune check-
point monotherapy have prompted investigations into 
combination therapies using immune modulators with 
chemotherapeutic agents.
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Osaka-Sayama, Japan

 

 Introduction 

 Sorafenib has been the standard therapy for patients with unresectable hepatocellular 
carcinoma (HCC) since 2007, when it was shown to prolong survival, as verified in the SHARP 
trial  [1]  and a study conducted in the Asia-Pacific region  [2] .

  Since then, other molecular-targeted agents superior to sorafenib in efficacy or safety in 
the first-line treatment of HCC were developed and tested in clinical trials ( Table 1 )  [3] . 
However, a superiority trial of sunitinib  [4]  and noninferiority followed by superiority studies 
of brivanib or linifanib versus sorafenib  [5, 6]  were reported as negative; a superiority trial 
of sorafenib plus erlotinib versus sorafenib was also unsuccessful  [7] . Furthermore, both the 
SARAH (sorafenib versus radioembolization in advanced HCC) and the SIRveNIB (study to 
compare selective internal radiation therapy versus sorafenib in locally advanced HCC) trials 
failed, as reported at the 2017 annual meetings of the European Association for the Study of 
the Liver and the American Society of Clinical Oncology (ASCO)  [8, 9] . These negative trials 
indirectly indicate the difficulty in achieving the predefined primary overall survival (OS) 
endpoint in HCC patients and the better-than-expected superiority of sorafenib in prolonging 
survival. 

  Against this background, the success of the phase III noninferiority trial of lenvatinib 
versus sorafenib with OS as the endpoint, as presented at the 2017 ASCO annual meeting, is 
an unprecedented and groundbreaking achievement in the past 10 years, promising an alter-
native molecular-targeted therapy option for HCC patients  [10] . 
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  History of the Development of Lenvatinib  

 Lenvatinib, which was discovered in an exploratory study for an angiogenesis inhibitor, 
mainly inhibits vascular endothelial growth factor (VEGF) receptors (VEGFR1, VEGFR2, and 
VEGFR3), fibroblast growth factor (FGF) receptors (FGFR1, FGFR2, FGFR3, and FGFR4), KIT, 
and RET  [11] . Lenvatinib is an extremely effective inhibitor of tumor angiogenesis that si-
multaneously interferes with these tumor angiogenesis-related molecules and suppresses 
growth signals mediated by VEGFRs and FGFRs  [12] .

  A daily dose of 24 mg was initially determined based on the results of a phase I trial for 
the treatment of solid tumors and other subsequent studies in other types of cancer; however, 
the dose was reduced to 12 mg after another phase I trial addressing the effect of lenvatinib 
metabolism on liver function in HCC patients  [13] .

  The phase II study, conducted in Japan and South Korea, confirmed the high antitumor 
activity of lenvatinib with manageable adverse events in HCC patients  [14] .

  Relationship between Safety and Body Weight in the HCC Phase II Trial 

 In the phase II study, a uniform daily dose of 12 mg irrespective of body weight and 
surface area led to dose reduction in a large proportion of patients: dose adjustment in 34 of 
46 patients (74%) because of treatment-related adverse events and withdrawal in 10 patients 
(22%) because of toxicity. Close examination of patient characteristics indicated that body 
weight and serum lenvatinib levels were likely to be associated with dose reduction or early 

 Table 1.  Phase III clinical trials of the agents targeting for hepatocellular carcinoma

Early stage Peretinoin vs. placebo (NIK-333) Phase II/III Negative
(adjuvant) Sorafenib vs. placebo (STORM) Phase III Negative

Peretinoin vs. placebo (NIK-333) Phase III Ongoing

Intermediate stage Sorafenib (Post TACE) Phase III Negative
(combination with Brivanib (BRISK-TA) Phase III Terminated
TACE) TSU-68 (ORIENTAL) Phase III Terminated

Sorafenib (TACE 2) Phase III Negative

Advanced stage Sunitinib vs. sorafenib (SUN1170) Phase III Negative
(first line) Linifanib vs. sorafenib (LiGHT) Phase III Negative

Brivanib vs. sorafenib (BRISK-FL) Phase III Negative
SOR + erlotinib vs. sorafenib (SEARCH) Phase III Negative
SOR + doxorubicin vs. sorafenib (CALGB808028) Phase III Negative
Sorafenib ± HAIC (SILIUS) Phase III Negative
Lenvatinib vs. sorafenib (REFLECT) Phase III Positive
Nivolumab vs. sorafenib (CheckMate-459) Phase III Ongoing
SIRT vs. sorafenib (SARAH) Phase III Negative
SIRT vs. sorafenib (SIRveNIB) Phase III Negative

Advanced stage Brivani b vs. placebo (BRISK-PS) Phase III Negative
(second line) Everolimus vs. placebo (EVOLVE-1) Phase III Negative

Ramcirumab vs. Placebo (REACH) Phase III Negative
S-1 vs. placebo (S-CUBE) Phase III Negative
Tivantinib vs. placebo (METIV-HCC) Phase III Negative
Regorafenib vs. placebo (RESOUCE) Phase III Positive
Ramcirumab vs. placebo (REACH-2) Phase III Ongoing

 HAIC, hepatic arterial infusion chemotherapy.
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withdrawal. More precisely, patients who had dose reduction or early therapy withdrawal 
within 30 days of lenvatinib treatment were significantly lighter (median weight, 54.1 vs. 67.6 
kg) and had a significantly higher minimum plasma concentration of lenvatinib (trough 
concentration [C1D15C trough ], 62.4 vs. 33.9 ng/mL;  Fig. 1 ).

  Pharmacokinetics of Lenvatinib and Rationale for Weight-Based Dosing in HCC 
Patients 

 Relationship between Body Weight and Plasma Level of Lenvatinib in HCC Patients 
 Following the phase I and II studies, population pharmacokinetics was analyzed in 65 

HCC patients enrolled in these trials and in 155 patients with solid cancer and 232 healthy 
individuals enrolled in other clinical studies  [15] . A relationship between body weight and 
plasma lenvatinib level (represented by the area under the blood concentration-time curve 
[AUC]) was detected, indicating that exposure to lenvatinib increased as body weight 
decreased ( Fig. 2 ). This trend was more prominent in HCC patients than in patients with other 
types of solid cancer, suggesting that this relationship particularly impacts HCC patients.

  Relationship between the Pharmacokinetics of Lenvatinib and Dose Reduction or 
Withdrawal in HCC Patients 
 Forty-five patients enrolled in trials for HCC treatment were grouped into a low AUC 

group (<2,050 ng × h/mL), intermediate AUC group (>2,050 ng × h/mL,  ≤ 2,750 ng × h/mL), 
and high AUC group (>2,750 ng × h/mL) to examine the relationship between AUC and time 
to dose reduction or withdrawal of lenvatinib. Kaplan-Meier plots clearly showed that time 
to dose reduction or withdrawal decreased as AUC increased ( Fig. 3 a). Body weight was also 
related to time to dose reduction or withdrawal; time to dose reduction or withdrawal 
decreased as body weight decreased, demonstrating that dose reduction or withdrawal is 
required earlier in lighter patients than in heavier patients ( Fig. 3 b).
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  Fig. 1.   a  Boxplot of body weight for patients with and without adverse events that led to dose reduction or 
dose withdrawal within 30 days of lenvatinib treatment initiation.  b  Boxplot of lenvatinib C trough  level 15 days 
after lenvatinib treatment initiation for patients with and without adverse events that led to dose reduction 
or withdrawal within 30 days. C1D15, cycle 1 day 15; C trough , minimum concentration of lenvatinib. Cited 
from Ikeda et al.  [14] . 
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      Fig. 3.  Kaplan-Meier plots of time 
to first TEAE leading to lenvatinib 
withdrawal or dose reduction 
stratified by tertiles of lenvatinib 
AUC ( a ) or body weight ( b ). AUC, 
area under the plasma concentra-
tion-time curve at steady state; 
TEAE, treatment-emergent ad-
verse event; BW, body weight. Cit-
ed from Tamai et al.  [15] . 
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Fig. 2. Relationship between model-predicted lenvatinib exposure and body weight. AUC, area under the 
plasma concentration-time curve at steady state; HCC, hepatocellular carcinoma. Cited from Tamai et al.  [15] .
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  Optimal Body Weight and AUC Cutoff Value for Lenvatinib Adjustment in HCC Treatment  
 Strong correlations between lenvatinib withdrawal, blood concentration (AUC), and 

body weight indicated that dose adjustment by body weight and AUC may improve the safety 
of lenvatinib in the treatment of patients with HCC. Sensitivity and specificity values for 
predicting early occurrence (within 30 days after the start of therapy) of dose reduction and 
withdrawal using each body weight cutoff value were calculated to draw receiver operating 
characteristic (ROC) curves ( Fig. 4 a). The optimal body weight cutoff value (the point at which 
the distance between the top-left corner of the graph and the ROC is smallest) that most effec-
tively distinguished the high-risk group for early withdrawal or dose reduction of lenvatinib 
was 57.8 kg, with a sensitivity of 0.77 and a specificity of 0.67 (false-positive rate, 0.33). Simi-
larly, the best AUC cutoff value was 2,430 ng × h/mL with a sensitivity of 0.71 and a specificity 
of 0.71 (false-positive rate, 0.29) ( Fig. 4 b).

  Significance of Maintaining the AUC within a Certain Range and Dose Adjustment in HCC 
Treatment with Lenvatinib 
 The AUC was better for predicting early withdrawal or dose reduction of lenvatinib than 

other factors such as sex, body weight, age, liver function, platelet count, Eastern Cooperative 
Oncology Group performance status, Child-Pugh class, hepatitis viral status, portal vein tumor 
thrombus, prior chemotherapy, prior antihypertensive therapy, and prior surgery. An AUC 
probability curve ( Fig. 5 ) can predict early withdrawal or dose reduction of lenvatinib. Conse-
quently, the AUC needs to be maintained below a certain level to reduce the occurrence of 
early withdrawal or dose reduction; for example, lenvatinib dose adjustment to maintain the 
AUC value below the optimal cutoff (2,430 ng × h/mL) may be recommended.

  Based on the findings that the optimal body weight cutoff for a similar prediction was 
57.8 kg, the predicted AUC values for weight-based dosing (daily dose of 12 or 8 mg in patients 
with a body weight  ≥ 60 or <60 kg, respectively) were calculated and plotted against body 
weight ( Fig. 6 ). The predicted AUC values were in the range of 1,540–2,050 ng × h/mL in 
patients with a body weight <60 kg, and 1,410–2,310 ng × h/mL in those with a body weight 
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  Fig. 4.  ROC curve for the occurrence of TEAEs leading to dose reduction or discontinuation during cycle 1.  
a  Body weight.  b  Lenvatinib AUC. AUC, area under plasma concentration-time curve at steady state; ROC, 
receiver operating characteristics; TEAE, treatment-emergent adverse event. Cited from Tamai et al.  [15] . 
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 ≥ 60 kg. These AUC ranges were quite similar and lower than 2,430 ng × h/mL in both body 
weight categories, indicating that this weight-based dose adjustment may efficiently reduce 
early withdrawal and dose reduction of lenvatinib.

  Relationship between the AUC and Efficacy in HCC Treatment with Lenvatinib 
 Because the lenvatinib dose adjustment to reduce the AUC could impair efficacy, patients 

enrolled in the phase II trial testing an initial daily dose of 12 mg were grouped into a low 
AUC group (<2,050 ng × h/mL), an intermediate AUC group (>2,050 ng × h/mL,  ≤ 2,750 ng × 
h/mL), and a high AUC group (>2,750 ng × h/mL) to examine a relationship between AUC 
and efficacy. There was no trend in time-to-progression (TTP) among the three groups 
( Fig. 7 ), suggesting that a certain level of efficacy can be maintained even when the AUC is 
small. 
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  Fig. 6.  Simulated body weight 
versus lenvatinib AUC for the 12- 
and 8-mg dose groups. AUC indi-
cates area under the plasma con-
centration-time curve at steady 
state, indicating that this weight-
based dosing is adequate. Cited 
from Tamai et al.  [15] . 

1.0

0

0.2

0.1

0.4

0.6

0.8

0.3

0.5

0.7

0.9

0 1,000 2,000
AUC, ng × h/mL

Pr
ob

ab
ili

ty

3,000 4,000 5,000 6,000

Q4

Q3

Q2

Q1

  Fig. 5.  Plot of the model-predict-
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 > 75th percentile. AUC, area under 
plasma concentration-time curve 
at steady state; TEAE, treatment-
emergent adverse event. Cited 
from Tamai et al.  [15] . 
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  Results of the Phase III REFLECT Trial 

 The results of the REFLECT trial, a phase III study of lenvatinib, were presented at the 
ASCO annual meeting on June 4, 2017. 

  Patients with unresectable HCC who had not received systemic chemotherapy were 
randomized in a 1:   1 ratio. Treatment was continued until disease progression or onset of an 
unacceptable adverse event. The primary endpoint was noninferiority in OS with a predefined 
noninferiority margin of 1.08. Secondary endpoints were progression-free survival (PFS), 
TTP, objective response rate (ORR), and safety ( Fig. 8 ).
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Body weight:
(< 60 kg or 60 kg) 

Lenvatinib
(n = 478)

8 mg (BW < 60 kg) or 
12 mg (BW 60 kg) 

once daily

Sorafenib
(n = 476)

400 mg twice daily

Primary endpoint:
OS

Secondary endpoints:
PFS
TTP
ORR
Quality of life
PK lenvatinib exposure 
parameters

* Tumor assessments were 
performed according to 
mRECIST by the investigator
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1:
1

  Fig. 8.  Study diagram of the REFLECT trial. This is a global, randomized, open-label, phase III noninferiority 
study. 
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  Among 954 patients enrolled, 478 and 476 were assigned to the lenvatinib group and the 
sorafenib group, respectively. Noninferiority in the primary OS endpoint was statistically 
confirmed (13.6 vs. 12.3 months; hazard ratio, 0.92 [95% CI, 0.79–1.06]). Increases in PFS, 
TTP, and ORR in the lenvatinib group were statistically significant ( Table 2 ). Common adverse 
events of lenvatinib were hypertension, diarrhea, decreased appetite, weight loss, and fatigue, 
which was in good agreement with a previous study  [4] .

  Because this study did not consider the α-fetoprotein (AFP) level as a stratification factor, 
the lenvatinib group included more patients with a high AFP level ( ≥ 200 ng/mL) than the 
sorafenib group. After adjustment of the AFP imbalance, lenvatinib proved nominally superior 
to sorafenib in OS based on the post hoc analysis.

  Taken together, the findings of the REFLECT trial showed that lenvatinib was statistically 
noninferior to sorafenib in OS and yielded statistically and clinically significant improve-
ments in PFS, TTP, and ORR, indicating that lenvatinib is a highly promising first-line therapy 
for patients with unresectable HCC.

  Insights into the Success of the REFLECT Trial 

 Several key factors might have contributed to this clinically meaningful success, the first 
in the past 10 years, in confirming the noninferiority of an alternative therapy to sorafenib. 
The REFLECT trial was the first anti-HCC trial that used a noninferiority trial design with body 

– AFP imbalance favoring sorafenib arm
– Hepatitis C-related HCC imbalance favoring for sorafenib arm
– By excluding patients with main portal vein tumor thrombus and 

tumor burden ≥50%, patients were relatively good prognostic 
population in both arms, leading to long postprogression survival 
(PPS) who likely received post trial treatments

– OS benefit was diluted by long PPS

– Good trial design
Weight-based dosing (12 vs. 8 mg)
Noninferiority trial design

– Potent anticancer activity over sorafenib
– Acceptable toxicity
– Longer treatment duration due to better tolerability, especially less 

hand-foot-skin reaction (5.7 vs. 3.7 months)

 Table 2. Results of the REFLECT trial

Lenvatinib 
(95% CI) (n = 478)

Sorafenib 
(95% CI) (n = 476)

Hazard ratio 
(95% CI)

Median OS, months 13.6 (12.1−14.9) 12.3 (10.4−13.9) 0.92 (0.79 – 1.06)
Median PFS, months* 7.4 (6.9−8.8) 3.7 (3.6−4.6) 0.66 (0.57 – 0.77)
Median TTP, months* 8.9 (7.4−9.2) 3.7 (3.6−5.4) 0.63 (0.53 – 0.73)
ORR, n (%)* 115 (24) 44 (9) –

OS, overall survival; PFS, progression-free survival; TTP, time to progression; ORR, overall response rate. 
* p < 0.0001.

 Table 3. Possible reasons for the 
success of REFLECT trial

 Table 4. Possible reasons for not 
achieving superiority
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weight-based daily doses (12 or 8 mg). The GIDEON study used different doses of sorafenib 
according to the patients, with an initial dose of 800 mg in 45.5% of the Japanese subpopu-
lation; however, there was no clear evidence of the efficacy of lower sorafenib dosing  [16] . In 
the REFLECT trial, efficacy was maintained and toxicity remained within acceptable limits in 
all body weight categories. In particular, there were few cases of hand-foot syndrome and 
patients were able to sustain therapy for longer periods (5.7 months in the lenvatinib arm vs. 
3.7 months in the sorafenib arm) ( Table 3 ). The antitumor activity was high, with a favorable 
ORR of 24%.

  The AFP level and macrovascular invasion were not used as independent stratification 
factors, resulting in an imbalance unfavorable to the lenvatinib group, with a higher number 
of sorafenib-responsive hepatitis C patients  [17]  in the sorafenib group. This may be one of 

 Table 6. Recommendations for the design of phase II and phase III trials for patients with HCC (cited and modified from [24])

Aim Factor Considerations and recommendations

To select the target 
population

BCLC stage Include patients according to the specific BCLC stage (A–C)
Child-Pugh classification Include patients in Child-Pugh A to minimize deaths unrelated to 

HCC
Biomarker-based enrichment Include subpopulations with specific activations of the signaling 

pathway or oncogenic drivers

To choose the 
appropriate primary 
endpoints

Overall survival In phase III studies assessing primary treatments
Time to recurrence In phase II/III studies assessing adjuvant treatments
Time to progression or overall 
response rate

In phase II studies assessing primary treatments

Surrogate endpoints Time to recurrence, time to progression and overall response have 
to be assessed according to the modified RECIST criteria

Composite endpoints Progression-free survival is a vulnerable endpoint in HCC

To decide the 
adequate control 
treatment group

Adjuvant therapy after resection or 
local ablation

Placebo for control treatment group

Intermediate-stage disease test group Transcatheter arterial chemoembolization for the control 
treatment goroup

First-line treatment for 
advanced-stage disease test group

Sorafenib plus supportive care for the control treatment group

Second-line treatment for 
advanced-stage disease test group

Placebo plus supportive care for the control treatment group

To stratify factors 
before randomization

Adjuvant High risk (size >3 cm, MVI and satellites) and geographical region
Intermediate stage Child-Pugh class, AFP and geographical region
First-line advanced stage ECOG scale, MVI, EHS and geographical region
Second-line advanced stage ECOG scale, MVI, EHS, geographical region, AFP of >400 ng/mL and 

type of progression

AFP, α-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group; EHS, extrahepatic spread; 
HCC, hepatocellular carcinoma; MVI, macrovascular invasion; RECIST, response evaluation criteria in solid tumors.

 Table 5. Stratification factors in first-line phase III clinical trials in hepatocellular carcinoma

Study arm vs. 
placebo arm

SUN1170 
(sunitinib)

BRISK-FL 
(brivanib)

LiGHT 
(linifanib)

SEARCH 
(+erlotinib)

CheckMate-459
(nivolumab)

REFLECT 
(lenivatinib)

Stratification 
factor

Region
Vascular invasion 
and/or extrahepatic 
spread
Prior TACE

ECOG-PS score
Extrahepatic spread 
and/or vascular 
invasion
Study site

Region
ECOG-PS score
Vascular invasion 
and/or extrahepatic 
spread
Hepatitis B virus 
infection

Region
ECOG-PS score
Vascular invasion 
and/or extrahepatic 
spread
Smoking status

Etiology
Region
Vascular invasion 
and/or extrahepatic 
spread

Region
ECOG-PS score
Vascular invasion 
and/or extrahepatic 
spread
Body weight
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the reasons why the superiority of lenvatinib in OS was not verified. In addition, the exclusion 
of patients with a tumor thrombus invading the main portal trunk (Vp4) and those with 
tumors occupying more than 50% of the liver might have resulted in the selective recruitment 
of patients who were highly likely to receive post-trial treatment and consequently to have a 
good prognosis  [18–22]  in both treatment arms. If so, post-trial treatment may have 
contributed to prolonging post-progression survival in both the lenvatinib and sorafenib 
arms, making that the OS benefit of lenvatinib may have been diluted since the hazard ratio 
of OS becomes high when post-progression survival is long  [23, 24]  ( Table 4 ). Stratification 
by AFP level was not common when the REFLECT trial was started, and indeed, none of the 
relevant past and ongoing clinical studies of first-line therapies include AFP among stratifi-
cation factors ( Table 5 ). Furthermore, according to a report by Llovet et al.  [25] , the AFP level 
is not a recommended factor for stratification in first-line trials ( Table 6 ). Analysis of cova-
riance, which was performed to address the AFP imbalance, showed significant improvement 
in OS with lenvatinib compared to sorafenib (nominal  p  = 0.0342).

  Conclusions 

 Lenvatinib is the first anti-HCC agent for which noninferiority to sorafenib was statisti-
cally confirmed since the approval of sorafenib for the treatment of HCC approximately 10 
years ago. The application for an additional indication for HCC has already been submitted in 
June 2017 in Japan, before anywhere else in the world. Therefore, therapeutic options in 
addition to sorafenib will become available in the near future for the treatment of unre-
sectable HCC. Therapeutic combinations involving a tyrosine kinase inhibitor, such as lenva-
tinib, with an immune checkpoint inhibitor have potential as future treatment strategies  [26] .
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 Abstract 
  Background/Aim:  Recently, albumin-bilirubin (ALBI) scoring/grading, consisting of only albu-
min and total bilirubin, has been proposed. We examined the efficacy of this grading sys-
tem for determining hepatic function in patients with hepatocellular carcinoma (HCC).  Meth-
ods/Materials:  The prognoses of 46,681 HCC patients based on results obtained from a 
nationwide survey conducted in Japan from 2001 to 2007 were evaluated using (1) Japan 
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Integrated Staging (JIS), consisting of Child-Pugh classification and TNM staging (TNM), (2) 
modified JIS (m-JIS), consisting of liver damage grading and TNM, and (3) ALBI-TNM (ALBI-T), 
consisting of ALBI grading and TNM, and the results were compared. A subanalysis was also 
performed to define a cutoff value for ALBI scores for a more detailed stratification of he-
patic function.  Results:  ALBI-T, JIS, and m-JIS each showed good capacity for the stratification 
of prognoses. Although the Akaike information criterion for ALBI-T was nearly equal to that 
for JIS and m-JIS, the Kaplan-Meier curves and median survival times obtained with ALBI-T 
were always superior to the corresponding scores. When the indocyanine green retention test 
(<30%) was used as an additional cutoff value for ALBI score (–2.270, area under the curve 
0.828) to divide ALBI grade into 4 levels (modified ALBI [mALBI] grade), mALBI grade was able 
to stratify the prognosis of patients at any TNM stage in order of grade. Modified ALBI-T 
(mALBI-T), using mALBI grading and TNM, produced a more detailed stratification for prog-
nosis.  Conclusion:  The predictive value for prognosis of ALBI-T was found to be equal to that 
of JIS and m-JIS. In addition, mALBI grading and mALBI-T, as proposed in the present study, 
might provide a more detailed assessment of the hepatic function and prognosis of HCC 
patients.  © 2017 S. Karger AG, Basel 

 Introduction 

 The Child-Pugh classification  [1]  is used worldwide as a standard assessment tool for 
hepatic function in hepatocellular carcinoma (HCC) patients, while it is also a part of the 
Evidence-Based Clinical Practice Guidelines for HCC of the Japan Society of Hepatology (JSH) 
as well as liver damage grading  [2, 3] . Recently, a new assessment tool for hepatic function, 
albumin-bilirubin (ALBI) grading, which consists of only albumin and total bilirubin, has been 
proposed  [4] . As compared to other assessment methods, ALBI grade, simply based on 2 
common serological factors and determined by serial ALBI scoring, is thought to be advanta-
geous, because the score can also be arbitrarily divided into more detailed grades when 
necessary.

  As a total staging system for HCC, the Japan Integrated staging (JIS) system has also been 
proposed  [5] , which consists of the Child-Pugh classification and TNM staging of the Liver 
Cancer Study Group of Japan (LCSGJ)  [6, 7] ; JIS has been shown to have a better ability to 
predict prognosis than the Cancer of the Liver Italian Program (CLIP) scoring system  [8, 9] . 
On the other hand, the usefulness of modified JIS (m-JIS) for grading liver damage as compared 
to JIS has been proposed for patients who undergo an indocyanine green retention test (ICG-
r15)  [10] . However, some issues regarding the analysis of hepatic function with the ICG-r15 
have been reported, including problems related to the requirement of injection, the risk of 
anaphylactic shock, and difficulties with obtaining accurate results for patients with marked 
constitutional jaundice or a portosystemic shunt  [11] . As a result, data for the ICG-r15 obtained 
from a retrospective cohort are often lacking. Recently, ALBI-TNM scoring (ALBI-T), which is 
composed of JIS used with ALBI grading, was reported to have good prognostic value in 2,584 
Japanese HCC patients treated at 2 different institutions  [12] .

  To evaluate whether ALBI grading can be used for hepatic functional assessment instead 
of Child-Pugh classification and liver damage grading, and to establish a more useful method 
for the assessment of hepatic function, we compared ALBI grading, Child-Pugh classification, 
and liver damage grading in the present study. In addition, we examined ALBI scoring/
grading for its ability to provide a more detailed evaluation of hepatic function and predict 
prognosis in Japanese HCC patients using data from a nationwide survey.
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  Subjects and Methods 

 Patients 
 From January 2001 to December 2007, details regarding 64,928 treatment-naïve patients with HCC in 

Japan were recorded using a nationwide survey system. Of these patients, we analyzed 46,681 in the present 
study, after exclusion of cases lacking serological (albumin, total bilirubin, and prothrombin time) or clinical 
data (information about ascites or hepatic coma) for Child-Pugh classification or LCSGJ TNM staging. In 
patients positive for anti-hepatitis C virus (HCV) or hepatitis B surface antigen, HCC was considered to be due 
to HCV or hepatitis B virus (HBV), respectively. Those negative for both anti-HCV and hepatitis B surface 
antigen were judged as having nonviral (nonBnonC) HCC.

  Assessment Methods for Hepatic Function and Prognosis 
 Child-Pugh classification, liver damage grading, and ALBI grading were used for assessment of hepatic 

function. ALBI score and ALBI grade were defined as follows: (log 10  bilirubin [μmol/L] × 0.66) + (albumin 
[g/L] × –0.085) (grade 1, 2, and 3 =  ≤ –2.60, >–2.60 to –1.39, and >–1.39, respectively)  [4] . The prognoses of 
the 46,681 patients with HCC (total group) were assessed using ALBI-T and JIS, while those of the 31,011 
patients after excluding those without ICG-r15 results (ICG group) were evaluated using ALBI-T, JIS, and 
m-JIS. In addition, we compared the potential for predicting prognosis of each score (ALBI-T, JIS, and m-JIS) 
in HCC patients within the Milan criteria (single lesion  ≤ 5 cm, or 2 or 3 lesions each 3 cm in size)  [13]  who 
were treated with curative therapy (surgical resection, ablative treatment) in both groups. Percutaneous 
ethanol injection  [14, 15]  and mainly radiofrequency ablation  [16–18]  were performed as ablative therapy 
methods.

  As an additional analytic technique, we evaluated the cutoff value for ALBI score by dividing ALBI grade 
2 into subgrades (2a and 2b) obtained with the ICG-r15 to produce a modified ALBI grade (mALBI grade) 
divided into 4 subgrades, because ALBI score is serial and ALBI grade 2 is thought to have a wide range. To 
evaluate mALBI grading for its ability to assess hepatic function, the prognostic predictive value of modified 
ALBI-T (mALBI-T), calculated using mALBI grade and LCSGJ TNM stage (mALBI grade 1, 2a, 2b, and 3 = score 
0, 1, 2, and 3, respectively; LCSGJ TNM stage I, II, III, and IV = score 0, 1, 2, and 3, respectively), was examined 
in both groups.

  Statistical Analysis 
 Prognosis was analyzed using a log-rank test with the Kaplan-Meier method. The discriminatory abilities 

of the scoring models were assessed using the Akaike information criterion (AIC)  [19] . Pearson test, receiver 
operating characteristic, and area under the curve (AUC) values were calculated for comparisons between 
ALBI score and the ICG-r15. For multiple comparisons, Holm’s method was used. All statistical analyses were 
performed using Easy R (EZR) version 1.29 (Saitama Medical Center, Jichi Medical University, Saitama, Japan) 
 [20] , a graphical user interface for the R statistical Computing Environment (R Foundation, Vienna, Austria). 
All  p  values were derived from two-tailed tests, with  p  < 0.05 accepted as statistically significant.

  Results 

 The clinical features of the patients in the total group ( n  = 46,681) are shown in  Table 1 . 
The median age was 68 years (interquartile range: 61–74); 33,316 were male and 13,365 
were female (HCV, HBV, HBV and HCV, nonBnonC, and unknown:  n  = 30,478, 6,124, 821, 
8,743, and 515, respectively; Child-Pugh class A, B, and C:  n  = 34,829, 10,111, and 1,741, 
respectively; LCSGJ TNM stage I, II, III, and IV:  n  = 7,783, 21,018, 12,843, and 5,037, respec-
tively [IVa and IVb:  n  = 2,927 and 2,110, respectively]; ALBI grade 1, 2, and 3:  n  = 15,968, 
27,771, and 2,942, respectively). Surgical resection was performed on 14,551 patients as the 
initial treatment, while it was ablative therapy for 13,359, transcatheter arterial chemoem-
bolization  [21]  for 13,995, and other treatments or none for 4,776. The number of patients 
within the Milan criteria was 25,814 (55.3%).

  The distribution of ALBI grades for each Child-Pugh score is shown in  Figure 1 a. The 
patients classified as Child-Pugh class A consisted of 15,744 with ALBI grade 1 and 19,085 
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Median age (IQR), years 68 (61–74)
Gender

Male
Female

33,316
13,365

Etiology
HCV
HBV
HBV and HCV
nonBnonC
Unknown

30,478
6,124

821
8,743

515
Child-Pugh class

A
B
C

34,829
10,111

1,741
ALBI grade

1
2
3

15,968
27,771

2,942
Liver damage grade

A
B
C
No data

16,365
12,939

1,707
15,670

Median albumin (IQR), g/dL 3.7 (3.3–4.0)
Median total bilirubin (IQR), mg/dL 9 (0.6–1.2)
Median prothrombin time (IQR), % 82 (71–93)
Median platelet count (IQR), ×104/μL 11.6 (8.0–16.4)
Median ICG-r15 rate (IQR)1, % 19 (12–29)
Median tumor size (IQR), cm 3 (2.0–5.0)
Tumor number

Single
Multiple
No data

26,106
20,402

173
Vascular invasion of tumor present, n (%) 6,368 (13.6)
Extrahepatic metastasis present, n (%) 2,110 (4.5)
LCSGJ TNM stage

I
II
III
IVa
IVb

7,783
21,018
12,843

2,927
2,110

Treatment
Resection
Ablative therapies
TACE
Others
None

14,551
13,359
13,995

2,341
2,435

 IQR, interquartile range; HCV, hepatitis C virus; HBV, hepatitis B 
virus; nonBnonC, negative for both HBV and HCV; ALBI, albumin-bili-
rubin; ICG-r15, indocyanine green retention test; LCSGJ, Liver Cancer 
Study Group of Japan; TACE, transcatheter arterial chemoembolization. 
1 n = 31,011 (ICG group).

 Table 1.  Clinical  features of the 
patients (n = 46,681; total group)
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  Fig. 1.   a  Distribution of albumin-bilirubin (ALBI) grade for each Child-Pugh score in the total group.  b  Dis-
tribution of ALBI grades for each liver damage grade in the ICG group. 
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  Fig. 2.  Kaplan-Meier curves for 
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with ALBI grade 2, while those classified as Child-Pugh class B were composed of 223 with 
ALBI grade 1, 8,282 with ALBI grade 2, and 1,606 with ALBI grade 3; the patients classified 
as Child-Pugh class C contained 1 with ALBI grade 1, 404 with ALBI grade 2, and 1,336 with 
ALBI grade 3. Even among the Child-Pugh class B patients, the rate of ALBI grade 3 was not 
small.

  The Kaplan-Meier curves for JIS and ALBI-T of the total group ( n  = 46,681) are shown in 
 Figure 2 . The AIC value for ALBI-T for the total group was 256,952.4, while that for JIS was 
256,356.7, and the Kaplan-Meier curves and median survival time (MST) for each ALBI-T 
score were superior to those for JIS ( Fig. 2 ;  Table 2 ).

  The subanalysis of 31,011 of the patients in the total group with data for the ICG-r15 (ICG 
group) showed that the ICG-r15 had a good correlation with ALBI score ( r  = 0.563; 95% CI: 
0.550–0.570;  p  < 0.0001). Among the 31,011 patients with results for the ICG-r15, surgical 
resection was performed on 13,487, while it was ablative therapy for 7,669, transcatheter 
arterial chemoembolization for 7,761, and other treatments or non for 2,094. The number of 
patients within the Milan criteria was 17,188 (55.4%). The cutoff value for ALBI score for the 
ICG-r15 (<30%), an indicator for performance of a subsegmentectomy in the Makuuchi 
criteria  [22, 23] , was –2.270 (AUC 0.828; 95% CI: 0.823–0.833) ( Fig. 3 a). The distribution of 
ALBI grades among the grades for liver damage is shown in  Figure 1 b. ALBI grade 3 was 
mainly included in liver damage grade C, while the frequency of ALBI grade 3 was very low 
among the patients with liver damage grade B. When ALBI grade 2 was divided into 2 
subgroups (ALBI grades 2a and 2b) according to the cutoff value for the ICG-r15 (<30%) 
(ALBI score: –2.270), thus conducting a division into 4 ALBI grades (mALBI grade), the ratio 
of the better subgroup (ALBI grade 2a: score <–2.270) became lower when the Child-Pugh 

 Table 2. Comparison of MST between ALBI-T, JIS, and mALBI-T among Japanese hepatocellular carcinoma 
patients (n = 46,681; total group) and those within the Milan criteria treated curatively (n = 18,886)

Score  ALBI-T JIS mALBI-T

MST,
years

95% CI,
years

n MST,
years

95% CI,
years

n MST,
years

95% CI,
years

n

All patients (n = 46,681)
0 NA NA–NA 2,625 NA 8.0–NA 5,908 NA NA–NA 2,625
1 NA 8.0–NA 12,824 7.4 7.1–8.0 18,242 NA NA–NA 10,289
2 5.4 5.2–5.6 16,435 4.4 4.2–4.5 13,531 6.0 5.8–5.6 12,354
3 3.2 3.0–3.3 10,096 1.8 11.7–2.0 6,430 4.2 4.0–4.4 11,334
4 0.9 0.9–1.0 4,017 0.6 0.5–0.06 2,036 2.5 2.4–2.6 6,543
5 0.3 0.2–0.3 684 0.2 0.2–0.2 534 0.8 0.7–0.9 2,852
6 – – – – – – 0.3 0.2–0.3 684
AIC 256,952.4 256,356.7 256,955.5

Patients within the Milan criteria treated curatively (n = 18,886)
0 NA NA–NA 2,178 NA NA–NA 4,818 NA NA–NA 2,178
1 NA 8–NA 8,465 NA 7.8–NA 10,637 NA NA–NA 6,568
2 6.1 5.8–6.5 6,958 5.3 4.9–5.8 2,959 7.1 6.5–NA 5,568
3 4.7 4.4–5.6 1,223 3.8 3.3–4.5 453 5.2 5.0–5.7 3,707
4 3.3 2.2–NA 62 NA 1.2–NA 19 4.2 3.7–4.6 803
5 – – – – – – 3.3 2.2–NA 62
AIC 57,365.5 57,416.3 57,133.3

ALBI-T, albumin-bilirubin grading and TNM staging; JIS, Japan Integrated Staging; mALBI-T, modified 
ALBI-T; MST, median survival time; NA, not available; AIC, Akaike information criterion.
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score became larger ( Fig. 1 a). In each TNM stage, a good ability to stratify prognosis according 
to the newly established subgroups for ALBI grade (mALBI grades 1, 2a, 2b, and 3) was 
observed, and there was a statistically significant difference between each mALBI grade in all 
stages for prognosis ( p  < 0.01, Holm’s method) ( Fig. 3 b). When an analysis was performed 
with mALBI grade in the same manner as with ALBI-T and JIS, patient prognosis could be 
stratified with the additional grades provided by mALBI-T ( Fig. 4 ). In addition to a greater 
number of scores for stratification, use of mALBI-T also resulted in a better MST for each 
score as compared to the corresponding scores for ALBI-T and JIS in the total group ( Table 2 ).

  For the 31,011 patients in the ICG group, the AIC value for ALBI-T was similar to that for 
JIS and m-JIS (157,696.4, 157,591.4, and 157,630.9, respectively), while that for mALBI-T was 
157,668.7. mALBI-T showed a better MST for each score as compared to the corresponding 
scores for ALBI-T, JIS, and m-JIS in the ICG group ( Table 3 ). In the ICG group, those for ALBI-T, 
JIS, m-JIS, and mALBI-T for the HCC patients within the Milan criteria ( n  = 17,188) were 
60,213.2, 60,258.3, 60,279.7, and 59,971.2, respectively (data not shown), while those for the 
patients treated curatively ( n  = 21,156) were 83,595.4, 83,637.2, 83,611.8, and 83,500.6, 
respectively (data not shown), and those for the patients within the Milan criteria and treated 
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  Fig. 3.   a  A good relationship ( r  = 0.563; 95% CI: 0.550–0.570;  p  < 0.0001) was observed between indocyanine 
green retention test (ICG-r15) and albumin-bilirubin (ALBI) score results. The cutoff value for ALBI score for 
the ICG-r15 (<30%) was –2.270 (AUC 0.828; 95% CI: 0.823–0.833).  b  For each Liver Cancer Study Group of 
Japan (LCSGJ) TNM stage, good stratification for prognosis of patients with each modified ALBI (mALBI) 
grade was shown. There were significant differences between each mALBI grade for each LCSGJ TNM stage, 
as shown by multiple comparisons with Holm’s method ( p  < 0.01). 
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curatively ( n  = 13,404) were 41,054.6, 41,107.9, 41,094.1, and 40,887.7, respectively ( Table 3 ). 
For the 18,886 patients within the Milan criteria treated curatively in the total group, those 
for ALBI-T, JIS, and mALBI-T were 57,365.5, 57,416.3, and 57,133.3, respectively ( Table 2 ).

  Discussion 

 For treatment of HCC patients, use of a total staging system which integrates both liver 
function stage and tumor burden stage has become important for accurate prediction of prog-
nosis, as it provides good information for decision-making regarding therapy. Various staging 
systems have been reported, such as those investigated in the Okuda  [24] , CLIP  [8] , Tokyo  [25] , 
BALAD  [26] , and BALAD2  [27, 28]  studies. Kudo proposed JIS as a useful prognostic staging 
system, and showed its consistency with Child-Pugh classification and the TNM staging of the 
LCSGJ  [5, 9] . However, there are some issues, including the fact that the Child-Pugh classifi-
cation has subjective (ascites, hepatic coma) and confounding factors (albumin, ascites) and 
was not constructed in a statistical manner. Moreover, albumin, total bilirubin, and prothrombin 
time are treated as semiquantitative factors in that classification. On the other hand, ALBI-T, 
which consists of ALBI grading and TNM staging, has been proposed as a new total staging 
system for HCC  [12] , and validation studies have already been reported  [29, 30] .

  In the present cohort, ALBI-T showed an almost similar AIC to that of JIS for the total 
group, as well as for those within the Milan criteria and treated curatively. However, the MST 
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  Fig. 4.   a  Scores for each factor (modified albumin-bilirubin [mALBI] grades 1, 2a, 2b, and 3 = scores 0, 1, 2, 
and 3; Liver Cancer Study Group of Japan TNM stages I, II, III, and IV = scores 0, 1, 2, and 3), mALBI grade, and 
TNM stage. Those were summed to calculate the mALBI-T score (scores 0–6).  b  Kaplan-Meier curves for 
mALBI-T showing good stratification for prognosis, as shown by each mALBI-T score in the total group ( n  = 
46,681). 
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for each ALBI-T score was superior to that for the corresponding JIS score. Although ALBI 
grade is calculated with only those 2 factors, ALBI-T compared favorably with not only JIS but 
also m-JIS in the ICG group. In addition, several patients in the present cohort were excluded 
due to a lack of data for Child-Pugh class (e.g., ascites, hepatic coma) or liver damage grade 
(ICG-r15). Thus, the simply calculated ALBI grade is thought to be useful for retrospective 
analysis as well as for predicting prognosis, especially for patients scheduled to undergo 
curative treatment such as resection or ablative therapy.

  In Japan, HCC is often diagnosed at an earlier stage than in Western countries. Kudo et al. 
 [31]  recently reported that the number of cases of small-sized HCC has increased because 
recognition of the importance of surveillance for high-risk patients with chronic liver diseases 
has varied widely in Japan. Nevertheless, the prognosis for Japanese patients with HCC has 
improved  [31] . Minagawa et al.  [6]  reported that LCSGJ TNM staging was more appropriate 
for early-stage HCC cases, while JIS has been proposed as a better total staging system than 
CLIP scoring  [5, 9, 32] . On the other hand, the recent trend for HCC etiology in Japan has 
rapidly changed  [33, 34] . The main etiology of HCC in Japanese patients has been reported to 
be HCV infection  [33, 35] . Development of direct-acting antiviral drug therapy for HCV  [36, 
37]  has led to an extremely high rate of HCV elimination, allowing for maintenance of hepatic 
function without progression of hepatic fibrosis after sustained virologic response (SVR). 
However, treatment of HCC after SVR with direct-acting antiviral drug therapy remains 
controversial, because the incidence of HCC after SVR in a group of interferon-free patients 
was reported to be >2-fold higher than that in an interferon-based therapy group (7.29 vs. 
3.09% and 6.23 vs. 3.01%)  [38] . In addition, the number of nonBnonC HCC cases has been 
increasing  [33, 34]  in association with the aging of society.

 Table 3. Comparison of MST between ALBI-T, JIS, m-JIS, and mALBI-T (n = 31,011; ICG group) and those within the Milan criteria 
treated curatively (n = 13,404) among hepatocellular carcinoma patients in whom the ICG-r15 was examined

Score ALBI-T JIS m-JIS mALBI-T

MST,
years

95% CI,
years

n MST,
years

95% CI,
years

n MST,
years

95% CI,
years

n MST,
years

95% CI,
years

n

Patients in whom the ICG-r15 was examined (n = 31,011)
0 NA NA–NA 1,615 NA NA–NA 3,584 NA NA–NA 2,208 NA NA–NA 1,615
1 NA NA–NA 8,962 8.0 7.4–NA 13,206 7.8 7.3–NA 14,387 NA NA–NA 7,532
2 5.6 5.4–5.8 11,520 4.5 4.4–4.7 9,412 4.8 4.6–5.0 7,152 6.2 6.0–6.5 8,685
3 3.5 3.3–3.6 6,677 2.0 1.9–2.2 3,842 3.2 3.0–3.4 5,302 4.4 4.2–4.5 7,574
4 1.1 1.0–1.2 2,042 0.7 0.6–0.8 872 1.1 1.0–1.2 1,734 2.7 2.5–2.9 4,073
5 0.5 0.4–0.7 195 0.4 0.2–0.7 95 0.4 0.3–0.5 228 1.0 0.9–1.1 1,337
6 – – – – – – – – – 0.5 0.4–0.7 195
AIC 157,696.4 157,591.4 157,630.9 157,668.7

Patients within the Milan criteria treated curatively in whom the ICG-r15 was examined (n = 13,404)
0 NA NA–NA 1,390 NA NA–NA 3,034 NA NA–NA 1,916 NA NA–NA 1,390
1 NA NA–NA 6,041 NA NA–NA 8,041 NA NA–NA 9,025 NA NA–NA 4,946
2 6.2 5.9–6.8 5,118 5.2 4.9–5.8 2,049 5.5 4.9–5.8 1,868 7.3 6.7–NA 3,931
3 4.7 4.4–5.2 819 3.5 2.8–4.2 274 4.6 4.2–5.2 541 5.2 4.9–5.6 2,591
4 2.6 1.9–4.0 36 2.5 1.2–NA 6 2.5 1.9–4.5 54 4.2 3.5–4.6 510
5 – – – – – – – – – 2.6 1.9–4.0 36
AIC 41,054.6 41,107.9 41,094.1 40,887.7

ICG-r15, indocyanine green retention test; ALBI-T, albumin-bilirubin grading and TNM staging; JIS, Japan Integrated Staging; 
m-JIS, modified JIS; mALBI-T, modified ALBI-T; MST, median survival time; NA, not available; AIC, Akaike information criterion.

－699－



334Liver Cancer 2017;6:325–336

 DOI: 10.1159/000479984 

 Hiraoka et al.: Validation and Potential of ALBI Grade and Prognostication in a 
Nationwide Survey of 46,681 HCC Patients in Japan 

www.karger.com/lic
© 2017 S. Karger AG, Basel

  Based on these dynamic changes, it is expected that the frequency of HCC among Japanese 
patients with better hepatic function will increase. In addition, because of the progress in 
techniques used for imaging, and therapeutic assistant modalities for the diagnosis and 
treatment of HCC (virtual ultrasonography  [39] , artificial effusion  [40] , contrast-enhanced 
ultrasonography  [41, 42] , and Gd-EOB-DTPA-enhanced MRI  [43, 44] ), the frequencies of 
resection and ablative therapies including radiofrequency ablation will increase; thus, a more 
suitable hepatic function assessment tool for the recent trend in Japanese HCC is needed. In 
addition to the usefulness of ALBI-T for Japanese patients, that of modified CLIP scoring  [45] , 
modified BCLC (Barcelona Clinic Liver Cancer) staging  [46] , and BCLC-B substaging using 
ALBI grading instead of the Child-Pugh classification/scoring system  [47]  has recently been 
reported. Thus, the simply calculated ALBI grade can play an important role in the assessment 
of hepatic function not only in the recent trend of Japanese HCC but also worldwide.

  A previous report noted that liver damage grading is now recognized to be superior as a 
hepatic functional assessment tool, and that the prognosis prediction value of m-JIS is better 
than that of JIS  [10] . Although the prognostic stratification ability (MST of each score) of m-JIS 
is thought to be superior to that of JIS, the AIC value was similar to that of JIS and ALBI-T. Liver 
damage grading is used for the assessment of hepatic function in the Evidence-Based Clinical 
Practice Guidelines for HCC of the JSH  [2, 3] , though data for the ICG-r15 are frequently lacking 
because ICG injection is required. In fact, the ICG-r15 was examined in only 66.4% of the patients 
of the total group. ALBI-T may have a noninferior predictive value, not only as compared to that 
of JIS but also to that of m-JIS even in patients who undergo ICG testing, while ALBI-T might 
show a better MST value than JIS and m-JIS. Moreover, the advantages of the ALBI grade are that 
it is calculated using only 2 common factors (albumin and total bilirubin) and determined based 
on serial ALBI scores as compared with other methods. In our previous study, there was a good 
correlation between ICG-r15 rate and ALBI score ( r  = 0.616;  p  < 0.001), and the cutoff value for 
ALBI score for the ICG-r15 (<30%) was –2.222 (AUC 0.843; sensitivity 0.823; specificity 0.708; 
95% CI: 0.827–0.859)  [48] . In the present analysis, a similar correlation between ALBI score 
and ICG-r15 rate was noted, as well as for the cutoff value for ALBI score (–2.270; AUC 0.828) 
for the ICG-r15 (<30%), which is a cutoff indicator for subsegmental cases in the Makuuchi 
criteria  [22, 23] . Because subsegmentectomy has been thought to be the minimal anatomical 
surgical resection for HCC, we used the ICG-r15 (<30%) for the cutoff indicator of subgrading 
for ALBI grade 2. Thus, we consider that a division into 4 ALBI grades can be conducted by 
making 2 subgrades for ALBI grade 2 (2a and 2b) based on the cutoff value (ALBI score –2.270) 
(mALBI grade). For each TNM stage, a good prognostic stratification ability according to mALBI 
grade was observed. As a result, mALBI-T showed a more detailed stratification among all of 
our HCC patients, as well as the best value for the AIC among the 4 tested scoring systems for 
early-stage HCC (Milan criteria) among patients treated curatively. mALBI and mALBI-T might 
provide more important information for decision-making regarding therapy.

  In conclusion, we evaluated the prognostic significance of ALBI grading/ALBI-T for 
patients with HCC in Japan using data from a nationwide follow-up survey, and confirmed that 
they were applicable as well as the Child-Pugh classification/JIS and liver damage grading/
m-JIS. Moreover, ALBI scoring might have potential for a division into additional grades for a 
more detailed assessment of hepatic function and prognosis, such as the present proposed 
mALBI grading and mALBI-T. Prospective examinations are needed for confirmation.
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 Thank you for your interest in our article titled “Albumin-bilirubin (ALBI) grade as part of the evidence-
based clinical practice guideline for HCC of the Japan Society of Hepatology: a comparison with the liver 
damage and Child-Pugh classification”  [1] .

  Huo et al. have sent an important message in their Letter to the Editor .  Incorporation of models based 
on albumin-bilirubin (ALBI)/platelet-albumin-bilirubin (PALBI) grading, calculated using platelet count, 
serum albumin, and serum total bilirubin, into current HCC staging systems should be considered in order to 
refine their prognostic accuracy. There is no doubt that a new detailed assessment tool for hepatic function 
is needed in order to increase predictive accuracy for prognosis. We agree with their proposal.

  Liu et al.  [2]  reported that the accuracy of PALBI grade was superior to that of ALBI. It is well known 
that the prognosis of a patient with HCC depends both on hepatic functional reserve and tumor factors. Thus, 
in order to address the issues raised by Huo et al., we used modified Japan integrated staging (JIS) scoring, 
which is calculated based on Child-Pugh classification and tumor node metastasis stage (TNM) of the Liver 
Cancer Study Group of Japan, 6th edition, as well as ALBI-TNM (ALBI-T)  [3]  and PALBI-TNM (PALBI-T) to 
validate the comparison with ALBI and PALBI, after excluding 1 patient whose platelet count was unknown 
( n  = 3,494). Kaplan-Meyer curves for ALBI-T and PALBI-T are presented in  Figure 1 , and they show similar 
stratification abilities for prognosis. The c-index was the same value as shown in ALBI-T and PALBI-T scoring, 
while Akaike’s information criterion (AIC) for ALBI-T was slightly better than that for PALBI-T ( Table 1 ). 
When AIC and c-index were assessed for each etiology, PALBI-T was better in HCC patients with the hepatitis 
C virus (HCV), while ALBI-T was better in those with hepatitis B virus (HBV), as well as those both without 
HBV and HCV. Thus, the prognostic predictive values may vary slightly for each etiology. HCV and HBV was 
detected in 64.6 and 14.5%, respectively, of the patients in our cohort, whereas HBV was the most common 
etiology in the report by Liu et al.  [2] .

  Of note, it cannot be denied that ALBI grade calculated with only 2 factors, albumin and bilirubin, was 
not inferior to PALBI and presents a simpler tool for assessment of hepatic function. In fact, a good correlation 
between ALBI and PALBI scores was observed ( r  = 0.820, 95% CI: 0.809–0.831,  p  < 0.0001). Moreover, there 
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is an additional advantage with ALBI grade. A modified version has been proposed with 4 grades (1, 2a, 
2b, and 3) (modified ALBI [mALBI] grade) for more detailed assessment based on the cut-off value (ALBI 
score = –2.270) for ICG-R15 (<30%)  [4] . In the results of additional analyses, AIC and c-index of mALBI/
mALBI-T were better than the others ( Fig. 1 ;  Table 1 ).

  To improve the accuracy of the prognostic predictive value of HCC staging systems, further validation 
studies and investigations with international collaboration as well as larger patient cohorts are required. As 
noted by Huo et al., we agree that incorporation of ALBI/mALBI/PALBI-based models into current HCC 
staging systems is recommended in order to refine the prognostic accuracy of each system.
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ALBI mALBI PALBI

TNM stage I
AIC 3,641.5 3,606.6 3,663.7
c-index 0.638 0.680 0.635

TNM stage II
AIC 9,342.6 9,330.2 9,375.8
c-index 0.613 0.630 0.613

TNM stage III
AIC 4,606.31 4,604.3 4,609.1
c-index 0.577 0.592 0.585

TNM stage IV
AIC 774.9 772.2 775.8
c-index 0.597 0.633 0.621

Total
AIC 22,222.2 22,176.0 22,240.6
c-index 0.609 0.630 0.619

ALBI-T mALBI-T PALBI-T

HCV
AIC 13,992.7 13,949.1 13,974.7
c-index 0.673 0.686 0.679

HBV
AIC 1,886.4 1,883.8 1,917.4
c-index 0.750 0.758 0.726

NBNC
AIC 3,341.4 3,334.6 3,359.5
c-index  0.682 0.689 0.679

 AIC,   Akaike’s information criterion; ALBI, albumin-bilirubin; mALBI, 
modified ALBI; PALBI, platelet-albumin-bilirubin; TNM, tumor node 
metastasis classification of the Liver Cancer Study Group of Japan, 
6th edition; ALBI-T, ALBI-TNM score; mALBI-T, mALBI-TNM score; 
PALBI-T, PALBI-TNM score; HCV, hepatitis C virus; HBV, hepatitis B 
virus; NBNC, negative for both HBV and HCV.

 Table 1.  AIC and c-index with 
ALBI/mALBI/PALBI grades and 
ALBI-T/mALBI-T/PALBI-T 
scores
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Most hepatocellular carcinomas (HCC) develop as a result of chronic liver inflam-

mation. We have shown that the oncoprotein gankyrin is critical for inflamma-

tion-induced tumorigenesis in the colon. Although the in vitro function of

gankyrin is well known, its role in vivo remains to be elucidated. We investigated

the effect of gankyrin in the tumor microenvironment of mice with liver

parenchymal cell-specific gankyrin ablation (Alb-Cre;gankyrinf/f) and gankyrin

deletion both in liver parenchymal and non-parenchymal cells (Mx1-Cre;gankyr-

inf/f). Gankyrin upregulates vascular endothelial growth factor expression in

tumor cells. Gankyrin binds to Src homology 2 domain-containing protein tyro-

sine phosphatase-1 (SHP-1), mainly expressed in liver non-parenchymal cells,

resulting in phosphorylation and activation of signal transducer and activator of

transcription 3 (STAT3). Gankyrin deficiency in non-parenchymal cells, but not in

parenchymal cells, reduced STAT3 activity, interleukin (IL)-6 production, and can-

cer stem cell marker (Bmi1 and epithelial cell adhesion molecule [EpCAM]) expres-

sion, leading to attenuated tumorigenic potential. Chronic inflammation

enhances gankyrin expression in the human liver. Gankyrin expression in the

tumor microenvironment is negatively correlated with progression-free survival

in patients undergoing sorafenib treatment for HCC. Thus, gankyrin appears to

play a critical oncogenic function in tumor microenvironment and may be a

potential target for developing therapeutic and preventive strategies against

HCC.

H epatocellular carcinoma (HCC), the most common form of
liver cancer, is the third leading cause of cancer deaths

worldwide and is usually associated with a very poor progno-
sis.(1) Given the increase in non-alcoholic steatohepatitis and
imminent disappearance of chronic viral hepatitis, hepatosteato-
sis is a major risk factor for HCC.(2) Although a causal relation-
ship between chronic damage, inflammation and carcinogenesis
has been widely recognized, the exact molecular mechanism of
hepatocarcinogenesis remains to be elucidated.
Hepatic progenitor cells are bipotential cells residing in nor-

mal liver and are thought to be implicated in hepatocarcino-
genesis.(3) A stem cell marker Bmi1 is involved in the
regulation of cell proliferation, stem cell maintenance, tumori-
genesis and tumor progression.(4,5) Bmi1 is overexpressed and
acts as an oncogene in several human malignancies, including
HCC.(6,7) The expression of another “stemness”-related marker
epithelial cell adhesion molecule (EpCAM) in HCC is associ-
ated with an aggressive biological behavior and poor clinical
outcome.(8) In chronic inflammation, inflammatory signaling is
important for the dedifferentiation and expansion of tumor-
initiating cells.(9–14)

Gankyrin (also named p28GANK or PSMD10) is commonly
overexpressed in human cancers.(15,16) In our previous study,

we used a conditional gankyrin “floxed” (gankyrinf/f) strain to
generate Villin-Cre;gankyrinf/f and Mx1-Cre;gankyrinf/f mice
lacking gankyrin in intestinal epithelial cells and inflammatory
cells to assess the role of gankyrin in the development of col-
orectal cancer.(12) We found that gankyrin promoted the devel-
opment of inflammation-induced colorectal cancer. We now
describe that gankyrin enhances signal transducer and activator
of transcription 3 (STAT3) activation, interleukin (IL)-6 pro-
duction and subsequent hepatocarcinogenesis in mice exposed
to the carcinogen diethylnitrosamine (DEN). Gankyrin upregu-
lates the expression of stem cell markers in tumors. In addi-
tion, gankyrin expression in human non-parenchymal cells is
inversely correlated with progression free survival (PFS) in
HCC patients treated with sorafenib, suggesting that gankyrin
expression may be considered as a new biomarker to predict
the likelihood of response to sorafenib.

Methods

Animals, tumor induction and analysis. Gankyrinf/f mice were
crossed with Alb-Cre and Mx1-Cre mice (Jackson Laboratory,
Bar Harbor, Maine, USA) to generate Alb-Cre;gankyrinf/f and
Mx1-Cre;gankyrinf/f mice, respectively.(12) Induction of Mx1-

Cancer Sci | October 2017 | vol. 108 | no. 10 | 1996–2003 © 2017 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd
on behalf of Japanese Cancer Association.
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Cre was achieved with three intraperitoneal injections of
300 lg poly(I:C) (Sigma-Aldrich, St. Louis, MO, USA) every
other day to 4–8-week-old mice. All mice were maintained in
the C57BL/6 background in filter-topped cages at Kindai
University. Male mice (2-week old) were injected intraperi-
toneally with 25 mg/kg DEN (Sigma). After 8 months on nor-
mal chow, mice were killed and analyzed for the presence of
HCC. To examine the effect of gankyrin in non-parenchymal
cells, we performed bone marrow transplantation (BMT)
experiments. Because only 30% of Kupffer cells are reconsti-
tuted by donor-derived bone marrow cells 6 months after
BMT,(17) we gave mice an intravenous injection of liposomal
clodronate (200 uL intravenously) before irradiation to deplete
Kupffer cells and accelerate macrophage turnover.(18) We then
flushed the tibias and femurs of donor mice to obtain bone
marrow. We injected 1 9 107 bone marrow cells into the tail
veins of lethally irradiated (11 Gy) recipient mice. Six weeks
after BMT, mice were injected intraperitoneally with DEN
(100 mg/kg). Four hours after DEN injection, mice were killed
and their livers were removed.
All animal procedures were performed according to proto-

cols approved by the Medical Ethics Committee of Kindai
University Faculty of Medicine and Institutional Animal Care
and in accordance with the recommendations for proper care
and use of laboratory animals.

Biochemical, immunochemical analyses and cell culture. Real-
time quantitative PCR (qPCR), immunoblotting and immuno-
histochemistry were performed as previously described.(12,19,20)

The following antibodies were purchased: anti-actin and anti-
PSMD10 (gankyrin) from Sigma (St. Louis, MO, USA); anti-
Ki67, anti-STAT3, anti-phospho-STAT3, anti-extracellular sig-
nal-regulated kinases (ERK), anti-phospho-ERK, anti-p38 and
anti-phospho-p38 from Cell Signaling (Danvers, MA, USA);
and anti-Src homology 2 domain-containing protein tyrosine
phosphatase-1 (SHP-1) from R&D Systems (Minneapolis, MN,
USA). Anti-gankyrin antibody was described previously.(16)

Immunohistochemistry was performed using ImmPRESS
reagents (Vector Laboratory, Burlingame, CA, USA) according
to the manufacturer’s recommendations. Immunofluorescent
TUNEL staining was performed to measure apoptosis in paraf-
fin-embedded sections using the In Situ Apoptosis Detection
Kit, as described by the manufacturer (Takara, Tokyo, Japan)
and previous reports.(12,21) Nuclei were stained with 40,6-dia-
midino-2-phenylindole. Duolink fluorescence method was
employed to study the interaction between gankyrin and SHP-
1, as per the manufacturer’s recommendations (Sigma
Aldrich). The interaction of gankyrin with SHP-1 was assessed
under a confocal laser microscope using antibodies against
human gankyrin and SHP-1.
THP-1 cells and Mono Mac 6 cells, an immortalized line of

human monocyte, were maintained in RPMI-1640 medium
(Gibco, Carlsbad, CA, USA) supplemented with 10% FBS,
containing penicillin (100 U/mL) and streptomycin (100 mg/
mL) and transfection of gankyrin siRNA (Santa Cruz, Dallas,
TX, USA) was carried out using X-treme GENE siRNA Trans-
fection Reagent (Roche, Basel, Switzerland).

Immunohistochemical analyses of gankyrin expression. To
evaluate gankyrin expression in the tumor microenvironment,
we assessed the expression in tumor-infiltrating cells and non-
tumor cells at the invasive front of the HCC samples by
immunohistochemistry. The evaluation of gankyrin was per-
formed at high magnification (9100) on the tumor material
obtained before receiving sorafenib treatment. The staining sta-
tus was obtained by calculating the intensity 9 extensity score

(gankyrin expression score) as described previously.(22) Inten-
sity of the staining was scored as 0 (negative), 1 (weak) or 2
(strong). Extensity of the staining was scored as 0 (1%–5% of
non-tumor cells), 1 (6%–30%), 2 (3%–70%) or 3 (71%–
100%). To calculate the intensity 9 extensity score (gankyrin
expression score) of non-tumor cells of the HCC samples, five
fields were selected at the invasive front as well as within
tumors and the average of five fields (magnification 100 9 )
was used to determine the score. Scoring was performed in a
blinded fashion by two investigators (T. S. and N. Y.). Sam-
ples were considered high expression for gankyrin if the inten-
sity 9 extensity score (gankyrin expression score) was more
than a median value. The gankyrin expression score was evalu-
ated in tumor cells as well.

Patients and specimens. From May 2009 to June 2010,
38 patients with refractory HCC uncontrolled with standard
therapeutic modalities received sorafenib (Nexavar; Bayer
HealthCare Pharmaceuticals-Onyx Pharmaceuticals, Lev-
erkusen, Germany) at Kindai University. All pathological spec-
imens of HCC were collected using needle biopsy before
sorafenib treatment. Demographic profiles of patients were pre-
viously described.(21) In addition, liver specimens were col-
lected with needle biopsy in 13 patients who were clinically
suspected of non-alcoholic steatohepatitis. The study protocol
conformed to the ethical guidelines of the 1975 Declaration of
Helsinki and was approved by the institutional review boards.
Written informed consent was obtained from all patients for
subsequent use of their resected tissues.
The eligibility criteria for sorafenib therapy were previously

described.(16) Sorafenib was administered orally at a daily dose
of 800 mg divided into two equal doses. Treatment interrup-
tions and up to two dose reductions (first to 400 mg once
daily, followed by 400 mg every 2 days) were permitted for
drug-related adverse effects (National Cancer Institute-Com-
mon Terminology Criteria [NCI-CTC, version 3]). Treatment
was continued until the occurrence of radiologic progression,
as defined by the Response Evaluation Criteria in Solid
Tumors (RECIST, Version1.1).

Statistical analysis. Data are presented as means � SEM.
Statistical differences between groups were analyzed using the
Fisher’s exact test or Student’s t-test. A value of P < 0.05 was
considered statistically significant.

Results

Gankyrin deficiency attenuated hepatocarcinogenesis. We pre-
viously generated Mx1-Cre;gankyrinf/f mice by crossing gan-
kyrinf/f mice with Mx1-Cre mice. Mx1-Cre;gankyrinf/f mice
exhibited gankyrin deletion both in parenchymal cells and
non-parenchymal cells of the liver (Fig. 1a and Fig. S1).(12)

Histomorphology and serum levels of ALT revealed no appar-
ent liver dysfunction in Mx1-Cre;gankyrinf/f mice. The strain
failed to exhibit spontaneous liver tumors up to 1 year of age.
However, DEN injection on postnatal day 14(23) induced well-
differentiated HCC in all gankyrinf/f and Mx1-Cre;gankyrinf/f

mice (Fig. S2a). Mx1-Cre;gankyrinf/f mice showed gankyrin
deletion both in tumor cells and non-parenchymal cells
(Fig. 1a). In comparison to gankyrinf/f controls, Mx1-Cre;gan-
kyrinf/f mice exhibited reduced HCC multiplicity and size
(Fig. 1b–d). HCC isolated from Mx1-Cre;gankyrinf/f mice
exhibited reduced expression of IL-6 and vascular endothelial
growth factor (VEGF) (Fig. 1e).
Kupffer cell is a major source of IL-6 production in the

liver.(24) Therefore, we purified Kupffer cells from Mxl-Cre;
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GKf/f mice and examined whether gankyrin in Kupffer cells
affect IL-6 production. We found that gankyrin deletion
reduced IL-6 expression in Kupffer cells (Fig. S2b). Immuno-
histochemistry showed that expression of VEGF was reduced
in tumor cells of Mxl-Cre;GKf/f mice compared with control
mice (Fig. S2c). Gankyrin deficiency would downregulate the
expression of IL-6 in Kupffer cells and that of VEGF in tumor
cells. Thus, the deletion of gankyrin both in parenchymal and
non-parenchymal cells inhibited hepatocarcinogenesis.
We evaluated the role of gankyrin in HCC development in

the liver parenchymal cells. Alb-Cre;gankyrinf/f mice were gen-
erated by crossing gankyrinf/f mice with Alb-Cre mice. Alb-
Cre;gankyrinf/f mice were negative for gankyrin only in liver
parenchymal cells (Fig. 1a and Fig. S1b).(12) Alb-Cre;gankyr-
inf/f progeny obtained in the expected Mendelian ratio was
healthy and failed to show any apparent liver dysfunction. The
strain showed no spontaneous liver tumors up to 1 year of age.
All gankyrinf/f and Alb-Cre;gankyrinf/f mice challenged with
DEN developed well-differentiated HCC (Fig. S2a). Gankyrin
deficiency in liver parenchymal cells reduced HCC size but
not HCC number (Fig. 2a–c). Furthermore, the deletion of
gankyrin in tumor cells reduced the expression of VEGF but
not IL-6 (Fig. 2d).
Several studies report that gankyrin promotes proliferation

of cancer cells through the inhibition of apoptosis and cell

cycle progression in vitro.(15,25,26) We assessed the effect of
gankyrin on cell death and proliferation in vivo. Gankyrin
deletion exhibited no significant reduction in apoptosis and
proliferation of tumors, as assessed by TUNEL assay and
immunohistochemistry using anti-Ki67 antibody, respectively
(Fig. S3a,b). Gankyrin deletion affected neither the protein
levels of p53 and RB1 nor the mRNA levels of their target
genes (Fig. 3a and Fig. S3c).
Next, we examined the differentiation status of HCC

obtained from gankyrinf/f, Mx1-Cre;gankyrinf/f and Alb-Cre;
gankyrinf/f mice. Analysis of H&E-stained HCC sections did
not show any difference in the differentiation status among
these strains (Fig. S2a). Epithelial to mesenchymal transition
(EMT) is a multistep biological process whereby epithelial
cells change in plasticity by transient de-differentiation into a
mesenchymal phenotype. Gankyrin overexpression was
reported to exhibit EMT phenotype, including loss of the
epithelial marker E-cadherin and gain of the mesenchymal
marker vimentin in cell lines.(27) However, gankyrin deficiency
did not show significant difference in expression of EMT-
related genes (Fig. S4a,b).

Gankyrin deficiency inactivated signal transducer and activator

of transcription 3/interleukin-6 signaling pathway in the cancer

microenvironment. Studies have shown that STAT3 plays a
critical role in HCC development.(24,28) We examined the

Fig. 1. Attenuated hepatocarcinogenesis in Mx1-
Cre;gankyrinf/f mice. (a) Control (GKf/f), Alb-Cre;
gankyrinf/f (Alb-Cre;GKf/f) and Mx1-Cre;gankyrinf/f

(Mx1-Cre;GKf/f) mice were challenged with
diethylnitrosamine (DEN) and killed after 8 months.
Liver sections were examined with
immunohistochemistry using gankyrin-specific
antibody. Distinction between tumor and non-
tumorous liver tissue was made by H&E staining.
Non-T, non-tumorous liver tissues; T, tumors. Scale
bar, 50 lm. (b) Typical examples of macroscopic
tumorigenesis in the hepatocellular carcinomas
(HCC) model. Livers of control (GKf/f) and Mx1-Cre;
gankyrinf/f (Mx1-Cre;GKf/f) mice 8 months after DEN
injection are shown. (c) Tumor number and (d)
maximal tumor sizes (diameters) in control (GKf/f,
n = 14) and Mx1-Cre;gankyrinf/f (Mx1-Cre;GKf/f,
n = 18) mice. (e) RNA was extracted from tumors of
Mx1-Cre;gankyrinf/f (Mx1-Cre;GKf/f) and gankyrinf/f

(GKf/f) mice. Relative amounts of mRNA were
determined by real-time quantitative PCR (qPCR)
and normalized to the amount of actin mRNA. The
amount of each mRNA in the untreated liver was
given an arbitrary value of 1.0. Data are
means � SEM (n = 5).
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consequences of gankyrin deletion on several signaling path-
ways in liver parenchymal and non-parenchymal cells. Gan-
kyrin deletion significantly reduced the expression of
phosphorylated STAT3 in tumors, and slightly reduced the
expression in non-tumor liver tissues (Fig. 3a). Gankyrin-
induced pro-inflammatory response enhances the activation of
ERK in colorectal tumors.(12) This is in line with our result,
wherein gankyrin deletion in non-parenchymal cells reduced
ERK activity in HCC (Fig. 3a). Previous studies have
described a critical role of c-Jun and c-Jun N-terminal kinases
(JNK) in the development of HCC.(20,21,29) We observed no
effect of gankyrin deficiency on JNK activity (Fig. S5a).
SHP-1, a well-known inhibitor of activation-promoting sig-

naling cascades, negatively regulates signaling by STAT3
dephosphorylation.(12,30) The Duolink Assay showed the inter-
action between gankyrin and SHP-1 as red punctate dots in
liver tumors (Fig. 3b and Fig. S6), suggestive of STAT3 acti-
vation following gankyrin/SHP-1 interaction in non-parenchy-
mal cells where SHP-1 was predominantly expressed (Fig. 3c).
HCC isolated from Mx1-Cre;gankyrinf/f mice exhibited
reduced expression of IL-6, a downstream molecule of STAT3.
To confirm the effect of gankyrin in non-parenchymal cells, we
performed bone marrow transplantation (BMT) experiments. Six
weeks after BMT, mice were injected intraperitoneally with
DEN (100 mg/kg). Four hours after DEN injection, mice were
killed and their livers were removed. GKf/f mice rescued with
gankyrin-deficient bone marrow exhibited a reduced expression
of phosphorylated STAT3 and IL-6 compared with those
rescued with wild-type bone marrow (Fig. 3e and Fig. S7). In
addition, no difference in IL-6 expression and STAT3 activity
was found between Alb-Cre;gankyrinf/f mice and gankyrinf/f

controls (Fig. 2d and Fig. S5b). Given that IL-6 produced by
non-parenchymal cells activates the transcription factor STAT3

in the liver,(24) the decrease in IL-6 production in gankyrin-
deficient inflammatory cells may lead to reduced STAT3 activ-
ity in tumor cells through a paracrine mechanism. Indeed,
immunohistochemistry results showed that the STAT3 activity
in tumor cells as well as non-parenchymal cells of Mx1-Cre;
gankyrinf/f mice was reduced as compared to that in gankyrinf/f

controls (Fig. 3d). These data indicate that gankyrin in non-
parenchymal cells plays a crucial role in the regulation of
STAT3/IL-6 signaling, which is critical for DEN-induced hep-
atocarcinogenesis.(24)

Signal transducer and activator of transcription 3 is essen-
tial for the expansion of liver cancer stem cell.(11,12,28) Inflam-
matory cytokines such as IL-6 are important for the
dedifferentiation and generation of tumor-initiating cells.(9–14)

HCC isolated from Mx1-Cre;gankyrinf/f mice, but not Alb-Cre;
gankyrinf/f mice, exhibited decrease in the expression of stem
cell markers Bmi1 and EpCAM as compared to those from
controls (Fig. 1e and 2d). Immunohistochemistry showed that
expression of Bmi1 was reduced in tumor cells of Mxl-Cre;
GKf/f mice compared with control mice (Fig. S8). Taken
together, gankyrin in non-parenchymal cells may control
STAT3 signaling and stem cell expansion within the tumor
microenvironment.
Gankyrin accelerates proteasomal degradation of RB.(15)

Recently, we reported that gankyrin knockdown reduced
STAT3 activities in a myeloid cell line.(15) To investigate
whether the gankyrin-mediated STAT3 activation depends on
degradation of SHP-1 protein, we examined the protein expres-
sion level of SHP-1 in the myeloid cell line. Gankyrin knock-
down did not affect the protein level of SHP-1 (Fig. S9a),
suggesting that gankyrin activates STAT3 by inhibiting
the phosphatase activity of SHP-1, but not by accelerating the
degradation of SHP-1. Gankyrin knockdown decreased the

Fig. 2. Attenuated hepatocarcinogenesis in Alb-
Cre;gankyrinf/f mice. (a) Typical examples of
macroscopic tumorigenesis in the hepatocellular
carcinomas (HCC) model. Livers of control (GKf/f)
and Alb-Cre;gankyrinf/f (Alb-Cre;GKf/f) mice
8 months after diethylnitrosamine (DEN) injection
are shown. (b) Tumor number and (c) maximal
tumor sizes (diameters) in control (GKf/f, n = 13)
and Alb-Cre;gankyrinf/f (Alb-Cre;GKf/f, n = 18) mice.
(e) RNA was extracted from tumors of Alb-Cre;
gankyrinf/f (Alb-Cre;GKf/f) and gankyrinf/f (GKf/f)
mice. Relative amounts of mRNA were determined
by real-time quantitative PCR (qPCR) and
normalized to the amount of actin mRNA. The
amount of each mRNA in the untreated liver was
given an arbitrary value of 1.0. Data are
means � SEM (n = 5).
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mRNA level of SHP-1 in THP-1 cells (Fig. S9b). Given that
gankyrin knockdown did not affect the protein level of SHP-1,
gankyrin might be involved in degradation of SHP-1, but it is
not the mechanism by which gankyrin activates STAT3. In
myeloid cell lines, Mono Mac 6 cells and THP-1 cells, gan-
kyrin knockdown decreased the phosphorylation of STAT3

and the expression of downstream target genes Pim1 and Mcl-
1 (Fig. S9b,c).(12)

Gankyrin expression was upregulated in chronic hepatitis. In
our previous study, we showed that longstanding intestinal
inflammation increases the expression of gankyrin in the colo-
nic mucosa of patients with inflammatory bowel disease.(12)

We assessed the association between gankyrin and chronic
hepatitis by collecting liver biopsy specimens from patients
clinically suspected to have non-alcoholic steatohepatitis.
Patient characteristics are shown in Table S1. Patients with
chronic hepatitis exhibited an increase in the expression of
gankyrin as compared with those without inflammation
(Fig. 4a). Thus, gankyrin expression was associated with the
disease activity of chronic hepatitis. Immunohistochemical
studies has shown that gankyrin expression was enhanced in
inflammatory cells as well as hepatocytes (Fig. 4b), indicative
of the increased gankyrin expression in non-parenchymal cells
and hepatocytes during chronic inflammation.

Association between gankyrin expression and progression-free

survival in patients treated with sorafenib. Sorafenib is the only
anticancer drug with proven prognostic efficacy in HCC. Iden-
tification of surrogate biomarkers that predict the biological
and clinical efficacy may help us predict the therapeutic
response of patients.(31) Cancer stem cells have been reported
to play a pivotal role in drug resistance of various cancer
types. Given the critical role of gankyrin in the regulation of
STAT3 signaling and stem cell marker expression, we investi-
gated the association between the therapeutic response to sora-
fenib and gankyrin expression using human HCC specimens
collected prior to treatment. HCC specimens collected before
sorafenib treatment were stained with anti-gankyrin antibody
(Fig. 4c). Based on immunohistochemistry, patients were
divided into high-gankyrin expression and low-gankyrin
expression groups. In line with the data in DEN-induced
hepatocarcinogenesis model, increased gankyrin expression in
non-parenchymal cells, but not in parenchymal cells, is signifi-
cantly associated with enhanced IL-6 expression (Fig. 4d and
Fig. S10a). As regards VEGF, we previously reported that gan-
kyrin expression is significantly associated with VEGF expres-
sion in human HCC.(32) Our data using Alb-Cre;gankyrinf/f

mice indicates a significant relationship between gankyrin and
VEGF in tumor cells (Fig. 5). We examined the impact of
gankyrin expression in non-parenchymal cells on the therapeu-
tic response of patients treated with sorafenib. A log-rank test
using the Kaplan–Meier method showed that the low-gankyrin
expression group exhibited significant prolongation of PFS
(P = 0.011, Fig. 4e), but not overall survival (OS; Fig. S11),
as compared to the high-expression group. By contrast, gan-
kyrin expression in tumor cells affected neither PFS nor OS in
patients treated with sorafenib (Fig. S10b,c). We have assessed
the relationship between gankyrin expression in non-parenchy-
mal cells or parenchymal cells and several clinical parameters,
including differentiation and stage of HCC (Table S2 and S3).
No significant difference was observed in any parameters other
than PFS between gankyrin low and high expression groups.

Discussion

Studies have shown that gankyrin is upregulated in many HCC
cell lines, wherein it promoted the proliferation of cancer cells
through the inhibition of apoptosis and cell cycle progres-
sion.(15,25,26) However, the role of gankyrin in the development
of HCC in vivo was unclear. Here, we investigated the role of
gankyrin in controlling the tumor microenvironment. In our

Fig. 3. Gankyrin deficiency inactivated STAT3/IL-6 signaling pathway
in the cancer microenvironment. Control (GKf/f) and Mx1-Cre;gankyr-
inf/f (GKD/D) mice were challenged with diethylnitrosamine (DEN) and
killed after 8 months. (a) Homogenates of non-treated livers (control),
non-tumor colon tissues (non-tumor) and tumors (tumor) were gel-
separated and immunoblotted with the indicated antibodies. (b) The
interaction of gankyrin with SHP-1 was assessed by Duolink Assay in
DEN-treated gankyrinf/f liver. Non-tumor and tumor liver tissues are
shown in the upper and lower panels, respectively. (c) Representative
images of immunohistochemical detection of SHP-1 in livers (non-
tumor) and tumors (tumor) of gankyrinf/f mice challenged with DEN.
Scale bar, 50 lm. (d) Representative images of immunohistochemical
detection of phosphorylated STAT3 in tumors. Scale bar, 50 lm. (e) Six
weeks after BMT, mice were injected intraperitoneally with DEN
(100 mg/kg). Four hours after DEN injection, mice were killed and
their livers were removed. Relative amounts of IL-6 mRNA were deter-
mined by real-time quantitative PCR (qPCR) and normalized to the
amount of actin mRNA. The amount of each mRNA in the untreated
liver was given an arbitrary value of 1.0. Data are means � SEM
(n = 3).
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recent study, we revealed that gankyrin upregulates IL-17 and
TNF-alpha expression in lamina propria cells of the colon and
accelerates the development of colitis-associated cancer.(12) In
the present study, we found that gankyrin activates STAT3
through SHP-1 inhibition and IL-6 upregulation in the tumor
microenvironment, leading to enhanced hepatocarcinogenesis.
Thus, STAT3/IL-6 signaling may mediate the gankyrin-
induced cross-talk between tumor cells and non-parenchymal
cells.
Gankyrin has been suggested as a regulator for liver tumor-

initiating cells.(12,16,33) STAT3 activation in inflammatory cells
regulates the expansion of cancer stem cells through aug-
mented inflammatory response in the liver.(11,28) Thus, it is

generally accepted that cytokine-mediated inflammatory signal-
ing pathways are important for dedifferentiation and generation
of tumor-initiating cells.(9–14) However, the precise mechanism
involved in the activation of cancer-initiating cells in response
to pro-inflammatory cytokines has been poorly understood. In
this study, we provide the evidence that gankyrin expression in
non-parenchymal cells increases levels of cancer stem cell
markers (Bmi1 and EpCAM), thereby promoting the expansion
of cancer-initiating cells in tumor microenvironment. We show
that the molecular interaction between gankyrin and SHP-1
leads to the activation of STAT3 and secretion of pro-inflam-
matory cytokine IL-6, which may explain the mechanism of
gankyrin-induced inflammatory responses by non-parenchymal

Fig. 4. Association between gankyrin expression and poor prognosis in patients treated with sorafenib. (a) Liver specimens were collected using
needle biopsy in 13 patients clinically suspected of non-alcoholic steatohepatitis. The expression of gankyrin mRNA in livers without inflamma-
tion or fibrosis (control, n = 5) and those with inflammation and fibrosis (chronic hepatitis, n = 8) was determined by real-time quantitative PCR
(qPCR). (b) Representative images of immunohistochemical detection of gankyrin in livers of patients with and without chronic inflammation.
Scale bar, 50 lm. (c) Liver specimens of hepatocellular carcinomas (HCC) were taken before sorafenib treatment. Representative images of HCC
with intensity of the staining scored as 0 (negative), 1 (weak) or 2 (strong) are shown. Five fields were selected at the invasive front and within
tumors. Immunohistochemical detection of gankyrin in non-parenchymal cells of HCC (arrows) are shown. Scale bar, 50 lm. (d) Liver specimens
were collected using needle biopsy before sorafenib treatment. The mRNA expression levels of indicated genes in HCC was determined by quan-
titative real-time qPCR and compared between patients grouped according to the level of gankyrin expression in hepatic non-parenchymal cells
as assessed by immunohistochemistry. (e) Association between gankyrin expression and progression-free survival (PFS) in patients with HCC. The
Kaplan–Meier method was used to determine the PFS and log-rank test was used to compare PFS between patients grouped according to the
level of gankyrin expression in hepatic non-parenchymal cells.
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cells. Thus, understanding of the function of gankyrin in non-
parenchymal cells has elucidated a part of the molecular mech-
anism involved in HCC development.
In this study, we used two types of conditional gankyrin-

deficient mice: Alb-Cre;gankyrinf/f and Mx1-Cre;gankyrinf/f

mice. Gankyrin deletion was confirmed in cancer cells in Alb-
Cre;gankyrinf/f mice and non-parenchymal as well as cancer
cells in Mx1-Cre;gankyrinf/f mice. DEN-induced HCC develop-
ment was attenuated in Alb-Cre;gankyrinf/f mice and to a
greater extent in Mx1-Cre;gankyrinf/f mice as compared with
that in control gankyrinf/f mice. These studies with two types
of conditional gankyrin-deficient mice strongly suggest the
important role played by gankyrin-expressing non-parenchymal
and cancer cells in HCC development. This was supported by
our observation that gankyrin expression was enhanced both in
non-parenchymal cells and hepatocytes of the liver tissue from
patients with chronic hepatitis. In addition, DEN treatment sig-
nificantly reduced the expression of the proangiogenic factor
VEGF in HCC tissues of both Alb-Cre;gankyrinf/f and Mx1-
Cre;gankyrinf/f mice. Thus, gankyrin may enhance tumor
development through its effect in the tumor cell as well as the
tumor microenvironment.
The therapeutic options for advanced-stage HCC are lim-

ited, as HCC displays a poor response to systemic treatments
such as conventional chemotherapy and radiotherapy. So far,

sorafenib is the only anticancer drug with proven prognostic
efficacy in HCC. Identification of surrogate biomarkers that
predict the biological and clinical efficacy may help to tailor
treatment to every individual patient.(31) Sorafenib targets the
abnormal activation of ERK often observed in human
HCC.(34) However, the predictive value of ERK signaling,
including VEGF, for the efficacy of sorafenib in HCC
remains uncertain.(35,36) The activation of other signaling
pathways such as JNK and STAT3 may bypass the sorafenib-
induced blockade of ERK signaling, resulting in sorafenib
resistance.(21,37) Thus, JNK and STAT3 signaling pathways
are potential predictive biomarkers. To date, no robust predic-
tive biomarker has been developed. In this study, we found a
strong correlation between elevated gankyrin expression in
the tumor microenvironment and unfavorable PFS in patients
treated with sorafenib. Evaluation of gankyrin expression in
HCC may be useful to differentiate between responders and
non-responders before starting sorafenib treatment and may
help to select patients who are likely to benefit from the
treatment. STAT3 modulation by gankyrin will contribute to
sorafenib resistance, and gankyrin may represent a candidate
biomarker to predict the likelihood of response to sorafenib
in future HCC patients.
Targeting gankyrin might be a promising strategy for cancer

prevention and treatment. Small molecular drugs that inhibit
gankyrin have gained increasing interest as therapeutics for
liver cancer.(38) Given that gankyrin deletion has no effect on
liver injury in several hepatitis models (data not shown), gan-
kyrin inhibitors may work without severe adverse side effects.
Further work should be performed to obtain more information
about the clinical implication of gankyrin and for the develop-
ment of new therapeutic strategies.
Taken together, gankyrin, upregulated in chronic inflamma-

tion, induces STAT3 activation and IL-6 production by binding
to SHP-1 in non-parenchymal cells. Such pro-inflammatory
cytokine responses may upregulate the expression of stem cell
markers in the tumor microenvironment and eventually pro-
mote the development of HCC (Fig. 5). Thus, suppression and
measurement of gankyrin expression is a promising approach
for advanced treatment and personalized management of HCC
patients.
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Commentary
Hemobilia, defined as the passage of blood through the biliary tree, can have several causes, including surgical injury to the
ducts or adjacent vessels, liver biopsy, bleeding from tumors in the biliary tree, or, as in this case, apparent arteriovenous
malformations (AVMs)/telangiectasias in the biliary tree. This patient had Osler-Weber-Rendu syndrome and was at high
risk for multiple bleeding events. Interestingly, the bleeding in this case stopped spontaneously, and no therapy was
required. Hepatic AVMs were noted, but it is possible that there could have been intraductal AVMs as well. It would
have been interesting if the authors had also performed cholangioscopy to look for a target lesion that could have poten-
tially been ablated by argon plasma coagulation or radiofrequency ablation or other methods in an attempt to reduce the
risk of a future similar episode.
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Utility of contrast-enhanced harmonic EUS for evaluating
the effects of steroid therapy in a case of immunoglobulin
G4–negative focal autoimmune pancreatitis

A 75-year-old woman was asymptomatic, but contrast-
enhanced abdominal CT for hyperamylasemia (1302 U/
L) revealed a hypovascular lesion in the pancreatic
body and a slightly dilatated pancreatic duct on the tail
side of the lesion. Her serum immunoglobulin G4 level
was 62.9 mg/dL. On positron emission tomography
(PET)-CT, the maximum standardized uptake value at
the mass lesion was 3.22. Conventional EUS revealed a
25-mm hypoechoic lesion in the pancreatic body.
Contrast-enhanced harmonic EUS was then performed
with contrast agent (0.015 mL/kg; Sonazoid; Daiichi-
Sankyo, Tokyo, Japan). The tumor appeared as an isoen-
hancement and homogeneous enhancement with an
avascular area. Pathologic findings obtained by EUS-
guided FNA with a 22-gauge needle showed prominent
infiltration by lymphocytes and plasmacytes, along with
fibrosis and storiform fibrosis. We performed minipulse
methylprednisolone therapy (2 courses of 500 mg/day,
each lasting 3 days/week) to enable a therapeutic

diagnosis. Abdominal CT and PET-CT performed 1 week
after treatment showed that both the mass lesion in
the pancreatic body and the hot uptake area had disap-
peared (A, B). Conventional EUS showed that the
pancreatic mass was reduced in size after treatment. On
contrast harmonic EUS, the avascular area disappeared
(C-F, arrowheads).
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Commentary
Autoimmune pancreatitis is a highly heterogeneous disease, developing in young and old patients with highly var-
ied presentations, from diffuse edema of the pancreas to pseudotumors and biliary obstruction. Further muddying
the waters, some variants of autoimmune pancreatitis are negative for serum immunoglobulin G subclass 4, making
diagnosis more difficult. This patient presented with a pseudotumor caused by autoimmune pancreatitis and had a
good response to steroid therapy (the most common first-line agent). This case also illustrates the value of contrast-
enhanced EUS. Contrast agents of this kind are very rarely used in the United States because they are not approved
by the U.S. Food and Drug Administration, but they are commonly used in Europe and Asia. Contrast agents in
EUS can help evaluate solid and cystic tumors, pancreatitis and pancreatic necrosis, and vascular involvement of
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tumors. In this case, contrast-enhanced EUS revealed different findings before and after steroid treatment for this
patient, showing how much this technique can allow endosonographers to see beyond what is visible with conven-
tional EUS.

Douglas G. Adler, MD FASGE
GIE Associate Editor

University of Utah School of Medicine
Salt Lake City, Utah

Massimo Raimondo, MD
Associate Editor for Focal Points

EUS core biopsy leading to duodenal brunneroma diagnosis

A 56-year-old man presented with vague symptoms of
fullness and early satiety. Ultimately, upper endoscopy
revealed a large duodenal polyp at least 4 cm long with
occasional retrograde protrusion through the pylorus
into the stomach (A). Biopsy specimens from upper
endoscopy demonstrated duodenal mucosa with gastric
foveolar metaplasia. The patient underwent EUS to better
characterize the lesion, which confirmed a 3.9-cm lesion
that appeared to originate from within the deep mucosa,
with no involvement of the muscularis propria (B). FNA

was nondiagnostic. Fine-needle core biopsy with a fork-
tipped needle revealed fragments of benign Brunner
glands (C). Given the patient’s symptoms and the size of
the lesion, the patient was referred for surgical resection.
In the operating room, gastroenterologists performed
upper endoscopy to snare the polyp and tent the lesion
for localization. Surgeons were then able to mark the
base of the lesion with suture and perform a limited
duodenal resection (D). Final pathologic examination
confirmed a Brunner’s gland hamartoma, or brunneroma.
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Abstract

Background Two serology-based scoring models for

prognostication of patients with hepatocellular carcinoma

(HCC), the BALAD and BALAD-2 models, were applied

to a Japanese cohort of a nationwide follow-up survey of

HCC. The ability of these models to predict the progression

of HCC and the deterioration of liver function and to assess

prognosis was evaluated.

Methods BALAD and BALAD-2 scores were calculated in

24,029 patients from a cohort of Japanese nationwide

survey based on the serum levels of five markers (bilirubin,

albumin, lens culinaris agglutinin-reactive alpha-fetopro-

tein, alpha-fetoprotein, and des-gamma-carboxy pro-

thrombin) measured at the time of HCC diagnosis. The

associations of these scores with the progression of HCC

and liver function and with survival rates were analyzed.

Results There were good correlations between BALAD

and BALAD-2 scores and the progression of HCC and

Child–Pugh class. Both scores accurately categorized

patients into risk groups with different survival rates.

BALAD-2 showed superior discrimination of patient sur-

vival compared with the original BALAD.

Conclusions Serology-based scoring models for prognos-

tication, especially the BALAD-2 model, were useful for

staging and prognostication of survival in a cohort of

Japanese patients with HCC from a nationwide survey.

Keywords Hepatocellular carcinoma � Staging �
Serological markers � Tumor progression � Liver function �
Prognosis
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Introduction

The staging systems of hepatocellular carcinoma (HCC)

for assessment of patient outcomes are based on features

that influence prognosis, which are broadly classified into

two categories, namely, progression of tumors and

severity of underlying liver dysfunction. Several staging

systems/prognostic scores that combine these factors have

been developed [1–6]. The progression of tumors and

underlying liver function are usually evaluated by mor-

phology and clinical symptoms in part, which is not

objective and can be influenced by methods for evalua-

tions. A recently proposed serology-based staging system

for HCC, the BALAD scoring model, for assessing the

prognosis of patients with HCC [7], is based solely on the

serum levels of five parameters, namely, total bilirubin (T-

Bil), albumin (ALB), lens culinaris agglutinin A-reactive

fraction of alpha-fetoprotein (AFP-L3), alpha-fetoprotein

(AFP), and des-gamma-carboxy prothrombin (DCP). The

model predicted the outcome of patients with HCC with

high discrimination [7]. Recently, an improved serologic

staging model, BALAD-2, was developed using a more

sophisticated statistical method that treated variables in a

continuous manner [8]. Both BALAD and BALAD-2

were reported to have excellent prognostic discrimination

in international settings [8, 9], despite large differences

across regions in both HCC progression and survival after

diagnosis.

In the present study, we applied these two serologic

models to 24,029 patients with HCC in Japan, where

surveillance of HCC is established and patients are diag-

nosed with HCC earlier and have longer survival than in

Western and other Asian countries. Since 1965, the Liver

Cancer Study Group of Japan (LCSGJ) has been conduct-

ing biannual nationwide follow-up surveys and prospec-

tively collecting data on patients with HCC in Japan. We

conducted this retrospective study based on these

prospectively collected data which included variables for

BALAD and BALAD-2 scores.

Patients and methods

Patients and treatments

A total of 66,554 patients with primary liver cancer were

prospectively registered biannually by LCSGJ from more

than 750 participating institutions from January 2000 to

December 2007 using a registration/questionnaire sheet

with more than 180 questions. Data regarding three tumor

markers for HCC, specifically AFP, AFP-L3, and DCP,

were beginning with the 16th survey. Therefore, the current

study used the data from 2000 (16th survey) to 2007 (18th

survey, the latest). The data from 24,029 patients contained

all the laboratory variables necessary for calculating the

BALAD and BALAD-2 scores, i.e., serum ALB, T-Bil,

AFP, AFP-L3, and DCP at diagnosis of HCC, as well as the

final prognosis (Supplementary figure S1). HCC was

diagnosed on the basis of imaging studies, clinical data, or

histopathologic studies at each institution. Treatment types

were determined by the treatment algorithm for HCC

proposed by Japanese guidelines [10]. The patients were

prospectively followed up at each institution. Most patients

underwent ultrasonography and measurements of tumor

markers every 3 or 4 months, and enhanced computed

tomography (CT) or magnetic resonance imaging (MRI)

every 6 or 12 months, according to the protocol of the

Japanese guidelines [10]. The prognosis of these registered

patients was followed until confirmation of death in every

survey. Although this study protocol was not submitted to

the institutional review board of each institution that par-

ticipated in the nationwide survey, the data collection and

registration of patients with HCC were conducted with the

approval of each institution.

BALAD and BALAD-2 scores were assessed in terms of

their association with liver dysfunction, based on Child–

Pugh class, and the progression of HCC on imaging

examinations; progression was assessed based on tumor

size, tumor multiplicity, portal vein invasion, and tumor

stage. In addition, we used univariate and multivariate

analyses to investigate whether BALAD and BALAD-2

scores discriminated the patient survival. Tumor staging

was according to TNM criteria of LCSGJ (Supplementary

table S1) [11].

Calculating BALAD and BALAD-2 Scores

BALAD and BALAD-2 scores were calculated based on

AFP, AFP-L3, DCP, ALB, and T-Bil levels measured in

the serum sample obtained from each patient at the time of

HCC diagnosis. The original BALAD score was calculated

by simply summing the serum levels of factors indicating

both tumor progression (AFP, AFP-L3, and DCP) and liver

function (ALB and T-Bil) [7]. The cut-offs for the eleva-

tions of AFP, AFP-L3, and DCP were 400 ng/dL, 15%, and

100 mAU/mL, respectively [7]. Liver function was cate-

gorized based on serum ALB and T-Bil levels according to

the method of Tateishi et al. [12]. ALB level was catego-

rized as above 3.5, 2.8–3.5 g/dL, or below 2.8 g/dL, and

scored as 0, 1, or 2, respectively. T-Bil level was catego-

rized as below 1.0, 1.0–2.0 mg/dL, or above 2.0 mg/dL,

and scored as 0, 1, or 2, respectively. Liver function was

then categorized based on the sum of these 2 scores as A (0

or 1), B (2 or 3), or C (4). The BALAD score is based on

the total number of elevated tumor markers and liver

function scores.
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The BALAD-2 score is calculated using the equation:

Linear predictor ðxbÞ ¼ 0:02�ðAFP-2:57Þ
þ 0:012�ðAFP-L3-14:19Þ
þ 0:19�ðlnðDCPÞ � 1:93Þ
þ 0:17�ððT-Bil ½lmol=L�1=2Þ
� 4:50Þ � 0:09�ðALB½g/L�
� 35:11Þ;

where T-Bil 1 mg/dL = 17.1 lmol/L, and AFP was cap-

ped at 50000 units. Both AFP and DCP are modeled as per

1000 units. Patients are stratified into four prognostic

groups according to previously described cut-offs, resulting

in four grades: score 1 (low risk, B-1.74), score 2 (-0.91

to[-1.74), score 3 (0.24 to[-0.91), and score 4 (high

risk,[0.24) [8].

Because the actual values of AFP less than 15 ng/dL

and DCP less than 40 mAU/mL were not documented,

but described simple as ‘‘normal’’ in the data of

nationwide follow-up surveys by LCSGJ, we randomly

assigned the number 1–14 ng/dL for AFP and 1–39

mAU/mL for DCP in cases with normal levels of these

markers. We assigned 0% for AFP-L3 in cases with

undetectable AFP-L3.

Statistical analyses

Differences in percentages between groups were analyzed

using the Chi square test. Differences in means of quanti-

tative values were analyzed using the Mann–Whitney

U test. Changes in percentages and quantitative values of

increases in BALAD and BALAD-2 scores were analyzed

with the Cochran–Armitage test and Jonckheere–Terpstra

test, respectively. The date of HCC diagnosis was defined

as time zero for calculations of survival rates. Survival was

defined as the time from diagnosis to death, or last follow-

up if death had not occurred. Patients who died were not

censored, while surviving patients were censored. The

Kaplan–Meier method was used to calculate survival rates,

and the log-rank test was used to analyze differences in

survival.

The Cox proportional hazard regression model with

backward elimination method was used for multivariate

analysis. The factors analyzed were age, sex, Child–Pugh

class, tumor size, tumor number, portal vein invasion,

tumor stage, treatment, and BALAD and BALAD-2 scores.

The discriminatory abilities of scoring models were

assessed using Akaike Information Criteria (AIC) [13] and

Harrell’s C statistic [14]. Statistical analysis was performed

using JMP statistical software, version 11.0.0 (Macintosh

version; SAS Institute, Cary, NC, USA). All P values were

derived from two-tailed tests, with P\ 0.05 accepted as

statistically significant.

Results

Baseline patient characteristics

The median follow-up period after diagnosis was

19.2 months, and the 25th and 75th percentiles were 8.4

and 39.6 months, respectively. Table 1 shows the charac-

teristics of study patients. Males comprised 70.1% of

patients, and the mean age was 66.9 years. In the majority

of patients, hepatitis C virus (HCV) antibody was positive

and was as the cause of chronic liver disease. More than

70% of patients had Child–Pugh [15] class A liver function

and HCC was stage I or II in more than 60% of the patients.

Serum AFP and DCP levels were below the normal cut-offs

(15 ng/mL and 40 mAU/mL) in 33.7 and 42.9% of

patients, respectively. Serum AFP-L3 was undetectable in

40.3% of patients.

On calculation of BALAD and BALAD-2 scores,

patients were rated as having a BALAD score of 0, 1, 2, 3,

4, and 5 in 9658 (40.2%), 6756 (28.1%), 4135 (17.2%),

2751 (11.4%), 499 (2.1%), and 230 (1.0%) of cases,

respectively. BALAD-2 score was 1, 2, 3, and 4 in 7827

(32.6%), 6772 (28.2%), 5510 (22.9%), and 3920 (16.3%)

of patients, respectively.

Association of BALAD and BALAD-2 scores

with progression of HCC and liver function

Table 2 shows patient backgrounds, as well as data on liver

dysfunction and tumor progression based on BALAD and

BALAD-2 scores. Increases in these scores were signifi-

cantly associated with increased tumor size, as well as

higher percentages of patients with worse liver function

(Child–Pugh A–C), multiple tumors, portal vein invasion,

and increased TNM stage. The associations of BALAD-2

scores with liver dysfunction and tumor progression were

more marked and consistent than those of BALAD scores.

Prognostic significance of BALAD and BALAD-2

scores

Patients’ median survival times and overall 3- and 5-year

survival rates are shown in Table 3. Increases in both

BALAD and BALAD-2 scores were associated with

shortened median survival times and decreased 3- and

5-year survival rates. There were no overlaps in the 95%

confidence intervals of median survival times between

BALAD-2 scores, whereas there were some overlaps with

BALAD. Multivariate analysis showed that BALAD and

BALAD-2 scores were associated with patient survival

independent of Child–Pugh class, tumor stage, and treat-

ment (Table 4).
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Discrimination of patient survivals by BALAD

and BALAD-2 scores

Figure 1 shows the post-diagnosis survival curves of patients

based on BALAD and BALAD-2 scores. Both scores show

good discriminatory ability for patient survival rates. In

particular, there was no overlap in the 95% confidence

intervals of survival curves when categorized by BALAD-2

scores.When survival rates were compared between patients

with elevated BALAD scores predominantly due to tumor

progression (tumor markers elevation) and those predomi-

nantly due to deteriorated liver function (decreases in ALB

and T-Bil) among patients with intermediate BALAD score

(score 2 and score 3), the survival rates were similar between

groups (Supplementary figure S2).

Figure 2 shows the post-diagnosis survival curves by

BALAD-2 scores according to the etiology of background

liver disease. BALAD-2 scores maintained a good dis-

criminatory ability in all three patient subgroups without

overlap of survival curves between scores. When patients

were grouped based on the treatment of HCC (Fig. 3),

BALAD-2 scores proved equally discriminatory in all

treatment classes without overlap of survival curves. In

contrast, BALAD scores showed several overlaps between

scores when patients were grouped by etiology or treatment

(Supplementary figures S3 and S4). When comparing dis-

criminatory ability of BALAD and BALAD-2 scores with

Japan Integrated Staging (JIS) score (Supplementary fig-

ure S5), the AICs of BALAD and BALAD-2 models were

higher and their Harrell’s C statistics were lower than those

of JIS scoring system (Supplementary table S2). The dis-

criminatory abilities of BALAD and BALAD-2 scores,

therefore, were not superior to that of JIS score, but were

comparable.

Discussion

In terms of staging of HCC, the progression of HCC is

primarily evaluated by morphology, i.e., the size and

number of tumors and the presence of portal vein invasion

[11, 16, 17]. Such evaluations are based mainly on imaging

studies and postoperative pathologic examinations in

patients who have undergone hepatic resection or

Table 1 Patient characteristics (n = 24,029)

Age (mean ± SD, years) (median, IQR) 66.9 ± 9.6 (68, 61–74)

Sex ratio (male/female) 16,850 (70.1)/7179 (29.9)

HBsAg (positive/negative) 3724 (16.0)/19,618 (84.0)

HCV-Ab (positive/negative) 16,352 (69.5)/7186 (30.5)

Child–Pugh class (A/B/C) 17,533 (74.3)/5230 (22.1)/846 (3.6)

Albumin (mean ± SD, g/dL) 3.63 ± 0.56

Total bilirubin (mean ± SD, mg/dL) 1.13 ± 1.44

Prothrombin (mean ± SD, %) 81.2 ± 16.6

Platelet count (mean ± SD, 91000/mL) 127 ± 71

Tumor size (mean ± SD, cm) (median, IQR) 3.92 ± 3.70 (2.8, 2.0–4.5)

B2 cm/[2 cm 7966 (34.2)/15,318(65.8)

Number of tumors (single/multiple) 13,381 (57.0)/10,107 (43.0)

Portal vein invasion (absent/present)a 19,876 (88.1)/2680 (11.9)

AFP (median, IQR),\15 ng/mL (%) 175.0 (46.0–974.5), 8086 (33.7)

\400 ng/mL/C400 ng/mL 21,560 (89.7)/2469 (10.3)

AFP-L3 (median, IQR), undetected (%) 21.0 (5.6–49.7), 9682 (40.3)

\15%/C15% 20,152 (83.7)/3877 (16.3)

DCP (median, IQR),\40 mAU/mL 283.0 (92.0–1240.0), 10,297 (42.9)

\100 mAU/mL/C100 mAU/mL 19,037 (79.2)/4992 (20.8)

TNM stage (I/II/III/IV) 4791 (22.3)/8943 (41.6)/5684 (26.4)/2081 (9.7)

Treatment (resection/LAT/TACE/others/none) 6859 (28.6)/8600 (35.8)/6221 (25.9)/1378 (5.8)/934 (3.9)

Percentages are given in parentheses

Data were missing in 687 cases for HBsAg, 491 for HCV-Ab, 420 for Child–Pugh class, 706 for prothrombin time, 256 for platelet counts, 745

for tumor size, 541 for tumor number, 1473 for portal vein invasion, 2530 for TNM stage, and 37 for treatment

HBsAg hepatitis B virus surface antigen, HCV-Ab hepatitis C virus antibody, AFP alpha-fetoprotein, AFP-L3 lens culinaris agglutinin-reactive

AFP, DCP des-gamma-carboxy prothrombin, LAT locoregional ablative therapies including radiofrequency ablation and percutaneous ethanol

injection, TACE transarterial chemoembolization
a Based on imaging studies
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Table 2 Association of BALAD and BALAD-2 scores with hepatitis viral infection, liver function, tumor progression, and treatment in patients

with hepatocellular carcinoma (n = 24,029)

BALAD score 0 (n = 9568) 1 (n = 6756) 2 (n = 4135) 3 (n = 2751) 4 (n = 499) 5 (n = 230) P value

Age (years) 67.4 ± 8.8 67.5 ± 9.6 66.3 ± 10.2 65.4 ± 10.6 63.9 ± 9.6 62.7 ± 10.2 \0.0001

Sex (male) 6561 (67.9) 4879 (72.2) 2875 (69.5) 1995 (72.5) 363 (72.8) 177 (77.0) \0.0001

HBsAg positive 1169 (12.5) 1002 (15.2) 781 (19.5) 605 (22.6) 106 (22.0) 61 (27.9) \0.0001

HCV-Ab positive 7283 (76.9) 4540 (68.6) 2594 (64.2) 1544 (57.2) 278 (57.1) 113 (52.8) \0.0001

Child–Pugh class-A 7992 (84.3) 5195 (78.4) 2665 (65.6) 1659 (61.2) 22 (4.5) 0 \0.0001

Child–Pugh class-B 1480 (15.6) 1377 (20.8) 1170 (28.8) 818 (30.2) 300 (60.7) 85 (37.6) \0.0001

Child–Pugh class-C 214 (0.1) 57 (0.8) 229 (5.6) 233 (8.6) 172 (34.8) 141 (62.4) \0.0001

Platelet count (X1000/

mL)

117 ± 61 131 ± 69 132 ± 78 147 ± 89 125 ± 86 142 ± 94 \0.0001

Tumor size (cm) 2.65 ± 2.62 4.05 ± 3.04 4.81 ± 4.31 6.42 ± 5.02 6.13 ± 5.05 8.34 ± 7.08 \0.0001

Tumor number-solitary 6217 (65.1) 3813 (57.5) 2038 (50.7) 1130 (43.1) 128 (27.7) 55 (26.6) \0.0001

Tumor number-multiple 3328 (34.9) 2822 (42.5) 1979 (49.3) 1492 (56.9) 334 (72.3) 152 (73.4) \0.0001

Portal vein invasion -a 8957 (98.1) 5795 (91.3) 3143 (81.1) 1649 (64.8) 254 (56.0) 78 (37.9) \0.0001

Portal vein invasion ?a 171 (1.9) 552 (8.7) 732 (18.9) 897 (35.2) 200 (44.0) 128 (62.1) \0.0001

TNM stage-1 3120 (35.5) 1048 (17.3) 459 (12.5) 135 (5.6) 23 (5.8) 6 (3.4) \0.0001

TNM stage-2 3935 (44.8) 2765 (45.6) 1429 (38.9) 714 (29.7) 76 (19.0) 24 (13.5) \0.0001

TNM stage-3 1603 (18.3) 1838 (30.3) 1223 (33.2) 841 (35.0) 137 (34.3) 42 (23.6) \0.0001

TNM stage-4 119 (1.4) 413 (6.8) 567 (15.4) 713 (29.7) 163 (40.9) 106 (59.5) \0.0001

Treatment-resection 2422 (25.1) 2273 (33.7) 1283 (31.1) 826 (30.1) 45 (9.0) 10 (4.3) 0.9873

Treatment-LAT 5190 (53.9) 2054 (30.4) 923 (22.4) 356 (12.9) 63 (12.6) 14 (6.1) \0.0001

Treatment-TACE 1792 (18.6) 1974 (29.3) 1342 (32.5) 901 (32.8) 167 (33.5) 45 (19.6) \0.0001

Treatment-others 118 (1.2) 285 (4.2) 377 (9.1) 424 (15.4) 109 (21.8) 65 (28.3) \0.0001

Treatment-none 117 (1.2) 162 (2.4) 203 (4.9) 241 (8.8) 115 (23.1) 96 (41.7) \0.0001

BALAD-2 score 1 (n = 7827) 2 (n = 6772) 3 (n = 5510) 4 (n = 3920) P value

Age (years) 67.5 ± 9.3 67.6 ± 9.4 66.8 ± 9.7 64.6 ± 9.9 \0.0001

Sex (male) 5560 (71.0) 4699 (69.4) 3828 (69.5) 2763 (70.5) 0.3006

HBsAg positive 1170 (15.4) 983 (14.9) 842 (15.7) 729 (19.2) \0.0001

HCV-Ab positive 5453 (71.2) 4744 (71.2) 3749 (69.4) 2406 (62.9) \0.0001

Child–Pugh class-A 7542 (96.7) 5691 (85.7) 3491 (64.6) 899 (23.3) \0.0001

Child–Pugh class-B 257 (3.3) 943 (14.2) 1863 (34.5) 2167 (56.2) \0.0001

Child–Pugh class-C 2 (0.0) 5 (0.1) 48 (0.9) 791 (20.5) \0.0001

Platelet count 139 ± 63 126 ± 66 120 ± 76 117 ± 86 \0.0001

Tumor size 3.00 ± 2.88 3.70 ± 3.48 4.54 ± 4.13 5.53 ± 5.10 \0.0001

Tumor number-solitary 5232 (67.7) 3909 (58.7) 2737 (51.0) 1503 (40.3) \0.0001

Tumor number-multiple 2499 (32.3) 2747 (41.3) 2632 (49.0) 2229 (59.7) \0.0001

Portal vein invasion -a 7209 (97.1) 5843 (92.0) 4357 (84.5) 2467 (68.0) \0.0001

Portal vein invasion ?a 217 (2.9) 505 (8.0) 797 (15.5) 1161 (32.0) \0.0001

TNM stage-1 2209 (30.9) 1324 (21.6) 817 (16.7) 441 (13.2) \0.0001

TNM stage-2 3403 (47.6) 2727 (44.6) 1861 (38.0) 952 (28.5) \0.0001

TNM stage-3 1383 (19.4) 1704 (27.9) 1559 (31.9) 1038 (31.1) \0.0001

TNM stage-4 153 (2.1) 360 (5.9) 657 (13.4) 911 (27.2) \0.0001

Treatment-resection 2776 (35.5) 2217 (32.8) 1348 (24.5) 518 (13.2) \0.0001
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transplantation. However, estimating tumor progression

using imaging studies has several shortcomings. The

detectability of liver tumors, which influences the deter-

mination of tumor multiplicity, depends on the resolution

of the imaging modality (ultrasonography, CT, or MRI)

and their quality, as well as the skill of the sonographer in

case of ultrasonography. Recent advancements in imaging

technology, such as multidetector-row CT [18, 19], and

MRI [20], have improved the detection of hepatic nodules,

resulting in upstaging of HCC progression. In addition,

discrepancies between imaging findings and pathologic

results are often found in patients who undergo hepatic

resection. With imaging studies, it is often difficult to

detect microvascular invasion of HCC or minute satellite

nodules, both of which are found in pathologic analysis

after resection and result in upstaging of HCC progression.

Liver dysfunction in patients with HCC is usually esti-

mated based on the Child–Pugh classification [15]. This

classification takes into account the presence and control-

lability of ascites and hepatic encephalopathy, in addition to

prothrombin time and levels of serum ALB and T-Bil.

However, the presence and controllability of ascites and

hepatic encephalopathy are largely subjective. Therefore,

HCC staging that is based on the morphological evaluation

of tumor progression and on liver dysfunction as deter-

mined by Child–Pugh classification cannot be fully objec-

tive, and therefore cannot be standardized across regions.

The results of the present study, based on the data of a

nationwide follow-up survey showed that prognostic

scoring based solely on serology were well associated with

the progression of HCC and liver dysfunction, and had

excellent discriminatory ability for survival in Japanese

patients with HCC. Interestingly, the survival rates were

similar between patients with the elevation of BALAD

score due to tumor progression and those due to liver

deterioration, suggesting homogenous survivals in patients

with identical scores. The scores of the BALAD and

BALAD-2 models were associated with the survival of

patients with HCC independent of Child–Pugh class and

the morphological features of HCC (Table 4). Previous

Table 2 continued

BALAD-2 score 1 (n = 7827) 2 (n = 6772) 3 (n = 5510) 4 (n = 3920) P value

Treatment-LAT 3530 (45.2) 2509 (37.1) 1701 (30.9) 860 (22.0) \0.0001

Treatment-TACE 1302 (16.7) 1716 (25.4) 1831 (33.3) 1372 (35.0) \0.0001

Treatment-others 117 (1.5) 211 (3.1) 428 (7.8) 622 (15.9) \0.0001

Treatment-none 88 (1.1) 107 (1.6) 194 (3.5) 934 (13.9) \0.0001

Percentages are given in parentheses

Data were missing in 687 cases for HBsAg, 491 for HCV-Ab, 420 for Child–Pugh class, 706 for prothrombin time, 256 for platelet counts, 745

for tumor size, 541 for tumor number, 1473 for portal vein invasion, 2530 for TNM stage, and 37 for treatment

HBsAg hepatitis B virus surface antigen, HCV-Ab hepatitis C virus antibody, LAT locoregional ablative therapies including radiofrequency

ablation and percutaneous ethanol injection, TACE transarterial chemoembolization
a Based on imaging studies

Table 3 Median survival times and 3- and 5-years survival rates for BALAD and BALAD-2 scores in patients with hepatocellular carcinoma

(n = 24,029)

N Median survival (years) 95% CI 3-year survival (%) 95% CI 5-year survival (%) 95% CI

BALAD score

0 9658 7.7 7.3–9.4 85.2 84.3–86.1 68.0 66.3–69.5

1 6576 5.4 5.1–5.8 70.0 68.5–71.4 52.4 50.4–54.4

2 4135 3.7 3.3–4.0 55.2 53.1–57.1 41.7 39.3–44.1

3 2751 2.0 1.8–2.2 41.0 38.6–43.4 29.4 26.6–32.1

4 499 0.8 0.8–0.9 24.4 19.4–29.7 15.9 11.0–21.5

5 230 0.3 0.2–0.4 10.8 6.2–16.9 7.0 3.1–13.0

BALAD-2 score

1 7827 9.7 8.3– 86.9 85.9–87.8 72.5 70.8–74.1

2 6772 5.8 5.5–6.2 74.8 73.4–76.2 55.8 53.8–57.8

3 5510 3.8 3.6–4.0 57.1 55.4–58.9 40.4 38.2–42.6

4 3920 1.8 1.7–1.9 37.7 35.7–39.5 25.4 23.2–27.7

CI confidence interval
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findings on the usefulness of the BALAD and BALAD-2

models for the prognostication of patients with HCC [7–9]

were replicated in this large HCC cohort in Japan, where

the survival of patients is long in comparison to Western

and other Asian countries. Japanese patients are diagnosed

at a much earlier stage, because individuals of the Japanese

population who are at risk of HCC (those with chronic liver

disease) are more rigorously screened than in Western and

other Asian countries, and hence are much more likely to

receive potentially curative therapy [21].

The three markers that are incorporated in the BALAD

and BALAD-2 scores have the advantage of being com-

mercially available, with regulatory approval in Japan, the

USA, and Europe. All three markers are well documented to

have prognostic significance when used individually [22–24]

and in combination [25]. In addition, previous studies

revealed the prognostic significance of serum ALB and

T-Bil levels as liver function measures in patients with HCC

Table 4 Multivariate analysis with backward elimination method for

factors associated with survival after diagnosis in patients with hep-

atocellular carcinoma (n = 24,029)

Factor Multivariate analysis

P value Relative risk (95% CI)

Age

Per 1.0 \0.0001 1.011 (1.008–1.014)

Sex

Female

Male \0.0001 1.128 (1.062–1.198)

Child–Pugh class

A 1

B \0.0001 1.631 (1.534–1.736)

C \0.0001 1.779 (1.565–2.022)

Tumor size

Per 1.0 \0.0001 1.019 (1.014–1.024)

Portal vein invasiona

Absent 1

Present \0.0001 1.320 (1.193–1.460)

TNM stage

1 1

2 \0.0001 1.279 (1.172–1.397)

3 \0.0001 1.757 (1.601–1.929)

4 \0.0001 2.890 (2.528–3.304)

Treatment

None 1

Resection \0.0001 0.278 (0.245–0.315)

LAT \0.0001 0.362 (0.319–0.410)

TACE \0.0001 0.520 (0.462–0.585)

Others \0.0001 0.730 (0.641–0.832)

BALAD score

0 1

1 \0.0001 1.443 (1.339–1.556)

2 \0.0001 1.892 (1.743–2.053)

3 \0.0001 2.579 (2.358–2.821)

4 0.0005 2.634 (2.247–3.087)

5 0.0005 3.846 (3.104–4.766)

Factor Multivariate analysis

P value Relative risk (95% CI)

Age

Per 1.0 \0.0001 1.011 (1.008–1.014)

Sex

Female

Male \0.0001 1.129 (1.063–1.199)

Child–Pugh class

A 1

B \0.0001 1.293 (1.207–1.386)

C \0.0001 1.598 (1.406–1.816)

Table 4 continued

Factor Multivariate analysis

P value Relative risk (95% CI)

Tumor size

Per 1.0 \0.0001 1.021 (1.016–1.026)

Number of tumors

Single

Multiple 0.0065 1.117 (1.032–1.211)

Portal vein invasiona

Absent 1

Present \0.0001 1.263 (1.137–1.404)

TNM stage

1 1

2 \0.0001 1.384 (1.263–1.516)

3 \0.0001 2.073 (1.839–2.336)

4 \0.0001 3.607 (3.044–4.274)

Treatment

None 1

Resection \0.0001 0.301 (0.265–0.342)

LAT \0.0001 0.356 (0.314–0.404)

TACE \0.0001 0.525 (0.467–0.591)

Others \0.0001 0.770 (0.676–0.878)

BALAD-2 score

1 1

2 \0.0001 1.505 (1.387–1.632)

3 \0.0001 2.128 (1.957–2.314)

4 \0.0001 2.816 (2.545–3.116)

CI confidence interval, LAT locoregional ablative therapies including

radiofrequency ablation and percutaneous ethanol injection, TACE

transarterial chemoembolization
a Based on imaging studies
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[12, 26]. The combination of these serological indicators of

tumor progression and liver function accurately reflected the

state of patients with HCC at diagnosis and categorized the

risk of death thereafter, at least in Japan where the main

etiology of HCC is HCV, many cases are diagnosed in the

early stage, and the majority of patients have Child–Pugh

class A liver function. In addition, these serological models,

especially BALAD-2 model, maintained discriminatory

ability in patient subgroups with hepatitis B virus (HBV) or

non-HBV/HCV, or in those with intermediate or advanced

stages, in addition to HCV-related HCC or early-stage HCC.

When compared with JIS scoring systems, these scores did

not have superior discriminatory ability. However, the

advantage of BALAD or BALAD-2 scores is that the

scorings are objective only based on serum markers, and we

believe that it can be of use if they do not show markedly

inferior discriminatory ability to JIS, which was shown in

this study, or other staging systems of HCC as prognostic

models.

When comparing the original BALAD and BALAD-2

models, the latter had a marginally better discrimination.

The overlap between risk groups was less evident for

BALAD-2 (Table 4; Fig. 2). The superior discrimination

of BALAD-2 model was enhanced when patients were

grouped by disease stages. Also, regarding the associa-

tion between BALAD and BALAD-2 scores and tumor

progression and liver function, increases in BALAD-2

scores showed more consistent association with the
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Fig. 1 Survival rates of patients

with hepatocellular carcinoma

(HCC) after diagnosis based on

a BALAD and b BALAD-2

scores evaluated by serum

levels of the following

measured at the diagnosis of

HCC: ALB, T-Bil, AFP, AFP-

L3, and DCP. Dotted lines 95%

confidence intervals (CIs).

BALAD-2 had an excellent

discriminatory ability for patient

survival with little overlap of

95% CIs between groups
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Fig. 2 Survival rates of patients with hepatocellular carcinoma

(HCC) after diagnosis by BALAD-2 scores evaluated by serum

levels of the following measured at the diagnosis of HCC: ALB,

T-Bil, AFP, AFP-L3, and DCP. a Patients with hepatitis B virus

(HBV) infection; b patients with hepatitis C virus (HCV) infection;

c patients without hepatitis virus infection (non-HBV/HCV)
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progression of HCC and the deterioration of liver func-

tion (Table 3).

However, the serology-based scoring models have sev-

eral limitations. First, scoring for prognostication on the

basis of serum markers is not applicable to diagnosis,

although another serology-based model for the diagnosis of

HCC has been reported [9, 27]. Although the selected

treatments had close associations with the scores, espe-

cially of BALAD-2, these staging models cannot be used

for treatment planning. In addition, these models are not

applicable in patients who are taking drugs such as war-

farin or vitamin K that can influence the levels of tumor

markers, and it should be noted that the use of such drugs

could not be verified in this study cohort. Finally, these

models are used for a ‘‘scoring for prognostication’’ in

patients with HCC and not a pure ‘‘staging’’ of HCC such

as TNM tumor staging. Therefore, they cannot be discussed

in the same line of the staging of other cancers, which

oncologists or hepatologists should take into consideration.

There are several limitations of this study. The study

patients were a part of all patients in nationwide survey

(36.1%) in whom five laboratory variables necessary for

calculating the BALAD and BALAD-2 scores were

available, although the distributions of HCC stage and

Child–Pugh class, as well as tumor size, number, and portal

vein invasion, were same between 24,029 study patients

and 42,525 patients excluded from the study due to the lack

of laboratory variables (data not sown). In addition, actual

levels of AFP and DCP were not available in patients with

AFP below 15 ng/dL and patients with DCP below

40 mAU/mL and values within these reference ranges were

randomly assigned for the calculation of BALAD-2 scores

in these cases. Finally, the prognoses of patients who

underwent transplantation based on these scores are not

known, because few patients with HCC are treated with

transplantation in Japan.

In conclusion, we evaluated the prognostic significance

of the serology-based BALAD and BALAD-2 scoring

models in Japanese patients with HCC in a cohort of a

nationwide follow-up survey, and confirmed that these

models are applicable for these patients.
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Endoscopic ultrasound-guided choledochoduodenostomy with novel use of contrast-
enhanced harmonic imaging

Since it was first described in 2001 [1],
endoscopic ultrasound-guided choled-
ochoduodenostomy (EUS-CDS) has been
increasingly used as an alternative for bili-
ary decompression after failed endo-
scopic retrograde cholangiopancrea-
tography (ERCP). EUS-CDS has an overall
technical success rate of more than 90%
[2, 3], but puncturing the common bile
duct (CBD) can be challenging in patients
with hemobilia because it presents as a
heterogeneous echogenicity. Here, we
present a patient for whom EUS-CDS was
successfully performed under contrast-
enhanced harmonic EUS (CH-EUS) guid-
ance.
A female patient in her eighties with ad-
vanced duodenal cancer was referred to
our hospital for treatment of recurrent
obstructive jaundice. She had previously
undergone duodenal metal stent place-
ment and an external gallbladder drain-
age catheter had been placed for biliary
obstruction due to direct cancer invasion
of the ampulla. An abdominal computed
tomography (CT) scan revealed bile duct
dilatation and high-density components
in the CBD, suggesting hemobilia (▶Fig.

1). As her CT scan showed a dilat-ed CBD,
we elected to perform EUS-CDS.
B-mode EUS revealed heterogeneous
echogenicity in the CBD, but the visuali-
zation was poor. To determine whether

there was active bleeding and to deline-
ate the CBD from the surrounding tissues,
we performed CH-EUS. Immediately after
intravenous infusion of 0.015mL/kg of a
sonographic contrast agent (Sonazoid;

E-Videos

Video 1 A sonographic contrast agent (Sonazoid) was injected to determine whether
there was active bleeding and to delineate the common bile duct (CBD) from the surround-
ing tissues during endoscopic ultrasound-guided choledochoduodenostomy. After intra-
venous infusion of Sonazoid, the CBD was clearly identified, allowing choledochoduode-
nostomy to be safely performed.

▶ Fig. 1 Abdominal computed tomog-
raphy (CT) scan showing bile duct dilata-
tion and high-density components in the
common bile duct, suggesting hemobilia
(arrowheads).

▶ Fig. 2 Endoscopic ultrasound (EUS) images showing: a in B-mode, heterogeneous echo-
genicity in the common bile duct, but poor visualization; b with contrast-enhanced harmonic
EUS, the common bile duct as an avascular structure with a clear margin and no pooling of
contrast agent in the common bile duct.

Minaga Kosuke et al. Contrast-enhanced harmonic imaging for EUS-CDS… Endoscopy 2017; 49: E281–E282 E281
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Daiichi-Sankyo, Tokyo, Japan), we identi-
fied the dilated CBD as an avascular struc-
ture, with a clear margin (▶Fig. 2;

▶Video1). There was no pooling of con-
trast agent in the CBD, so it was punc-
tured with a 19-gauge aspiration needle
(▶Fig. 3 a). After dilating the fistula, we
successfully deployed a self-expandable
covered metal stent (Niti-S Biliary Cov-
ered Stent; 8 ×60mm; Taewoong Medi-
cal, Seoul, South Korea; ▶Fig. 3b). Fol-
lowing this procedure, the patient’s con-
dition improved within a few days.
To the best of our knowledge, this is
the first report of CDS being guided by
CH-EUS. CH-EUS may be useful for pa-
tients with hemobilia in helping to
clearly visualize the CBD.
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▶ Fig. 3 Choledochoduodenostomy guided by real-time contrast-enhanced harmonic endoscopic ultrasound showing: a the dilated common
bile duct being punctured with a 19-gauge aspiration needle (arrowheads); b successful deployment of a covered metal stent between the
common bile duct and the duodenum (arrowheads) after dilation of the fistula.
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A 50-year-old man underwent esophagogastroduodenoscopy for
further investigation of mild anemia. Serum antibody titer against
Helicobacter pylori (H. pylori) was below the detection limit.

Esophagogastroduodenoscopy revealed a small reddish elevated
lesion, measuring 5 mm in diameter, in the fundus of the stomach
without any atrophic change (Fig. 1). Irregular microvascular

Figure 1 Esophagogastroduodenoscopy
revealed a small reddish submucosal
tumor like on H. pylori-negative gastric
mucosa at the fundus in the stomach
(Fig. 1a). Magnified narrow band imaging
showed irregular microvascular patterns
with dilated vessels on tumor surface
(Fig. 1b). Hematoxylin and eosin stains
revealed a well-differentiated tubular ade-
nocarcinoma with gland architectures that
are similar to the fundic glands (Fig. 1c).
Immunohistochemical studies revealed
that most of tumor cells were positive for
pepsinogen-I (Fig. 1d).
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patterns with dilated vessels were detected in the tumor surface by
magnified narrow band imaging whereas the demarcation line was
absent (Fig. 1). The tumor was visualized as a high echoic mass
localized to the mucosal layer through endoscopic ultrasonogra-
phy. Since these findings suggest a gastric tumor originating from
the mucosal layer rather than the epithelium, precutting endo-
scopic mucosal resection (snaring combined with circumferential
incision) was performed. Pathological examination of the resected
specimen revealed a well-differentiated tubular adenocarcinoma
with gland architectures similar to the fundic glands. The tumor
was mainly localized in the mucosal layer with invasion into the
submucosal layer and most of the tumor surface was covered
with nonatypical foveolar epithelium. Immunohistochemical
studies revealed that most of the tumor cells were positive for
pepsinogen-I and MUC6, but not for H+/K+-ATPase (Fig. 1),
which are aligned with findings that are characteristic of gastric
adenocarcinoma of the fundic gland (chief cell-predominant
type).1,2 The differential diagnosis was fundic gland, fundic gland
polyps with dysplasia, neuroendocrine tumor (carcinoid), hamar-
tomatous inverted polyps, and low-grade differential adenocarci-
noma of the gastric foveolar type.

Gastric adenocarcinoma of the fundic gland type is a
rare disease entity, which exhibits a submucosal tumor-like or
superficial flat-type elevated lesion on H. pylori-negative gastric
mucosa in the endoscopic examinations. We need to bear in
mind the possibility of gastric adenocarcinoma of the fundic gland
type upon encountering such elevated lesions originating from
H. pylori-negative gastric mucosa.
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Abstract

Background Treatment of unresectable malignant hilar

biliary stricture (UMHBS) is challenging, especially after

failure of repeated transpapillary endoscopic stenting.

Endoscopic ultrasonography-guided intrahepatic biliary

drainage (EUS-IBD) is a recent technique for intrahepatic

biliary decompression, but indications for its use for

complex hilar strictures have not been well studied. The

aim of this study was to assess the feasibility and safety of

EUS-IBD for UMHBS after failed transpapillary re-

intervention.

Methods Retrospective analysis of all consecutive patients

with UMHBS of Bismuth II grade or higher who, between

December 2008 and May 2016, underwent EUS-IBD after

failed repeated transpapillary interventions. The technical

success, clinical success, and complication rates were

evaluated. Factors associated with clinical ineffectiveness

of EUS-IBD were explored.

Results A total of 30 patients (19 women, median age

66 years [range 52–87]) underwent EUS-IBD for UMHBS

during the study period. Hilar biliary stricture morphology

was classified as Bismuth II, III, or IV in 5, 13, and 12

patients, respectively. The median number of preceding

endoscopic interventions was 4 (range 2–14). EUS-IBD

was required because the following procedures failed:

duodenal scope insertion (n = 4), accessing the papilla

after duodenal stent insertion (n = 5), or achieving desired

intrahepatic biliary drainage (n = 21). Technical success

with EUS-IBD was achieved in 29 of 30 patients (96.7%)

and clinical success was attained in 22 of these 29 (75.9%).

Mild peritonitis occurred in three of 30 (10%) and was

managed conservatively. Stent dysfunction occurred in

23.3% (7/30). There was no procedure-related mortality.

On multivariable analysis, Bismuth IV stricture predicted

clinical ineffectiveness (odds ratio = 12.7, 95% CI

1.18–135.4, P = 0.035).

Conclusions EUS-IBD may be a feasible and effective

rescue alternative with few major complications after failed

transpapillary endoscopic re-intervention in patients with

UMHBS, particularly for Bismuth II or III strictures.

Keywords Hilar malignant biliary stricture � Endoscopic
ultrasonography � EUS-guided biliary drainage �
Interventional EUS

Progression of unresectable malignant hilar biliary stricture

(UMHBS) leads to persistent obstructive jaundice and

cholangitis. The stricture may be caused by malignancies

of the bile duct or pancreas, by metastases to the liver, or

by lymph nodes around the hilar bile duct. Biliary drainage

aims at alleviating symptoms and ameliorating the patient’s

quality of life. However, effective drainage of biliary

stricture at the hepatic hilum is difficult to achieve due to

the anatomical complexity of the bile ducts [1]. When

appropriate endoscopic expertise is available, stent place-

ment under endoscopic retrograde cholangiopancreatogra-

phy (ERCP) guidance is generally accepted as first-line

palliative therapy for UMHBS [1–7]. Unfortunately,
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subsequent stent dysfunction has been reported in 31–59%

of cases, with causes ranging from biliary sludge and food

impaction to tumor ingrowth or overgrowth [8–17]. Recent

progress in chemotherapy has prolonged patient survival

from cancers that cause malignant biliary strictures.

Therefore, these patients may require several repeat inter-

ventions to manage stent dysfunction. There are several

approaches to this. Repeat ERCP is the preferred treatment,

allowing mechanical cleaning with a balloon or insertion of

a new stent [7, 18]. However, this is sometimes difficult.

The reported technical success for such repeat procedures

ranges widely from 44 to 96% [8–17]. If repeat ERCP fails,

percutaneous transhepatic biliary drainage is an alternative.

This is a well-established procedure, but it does have

complications. In addition, the external drainage is

uncomfortable for the patient [19–22].

Recently, endoscopic ultrasonography-guided biliary

drainage (EUS-BD) has been increasingly applied as an

alternative for failed transpapillary biliary drainage in

patients with malignant biliary obstruction [23–27]. EUS-

BD is performed by two different approaches, namely,

EUS-guided extrahepatic and EUS-guided intrahepatic

biliary drainage (EUS-IBD) [28]. Since EUS-IBD primar-

ily drains the left intrahepatic biliary duct, this technique

has not generally been used for complex hilar biliary

strictures. To date, few data are available on the indications

of EUS-IBD in patients with UMHBS [29–31]. The aim of

the current study was to evaluate the technical feasibility

and clinical efficacy of EUS-IBD for UMHBS after repe-

ated ERCP-guided transpapillary interventions have failed.

Materials and methods

This study was a single-center retrospective analysis using

a prospectively accumulated database. We reviewed our

database to identify all patients who had undergone initial

ERCP for malignant hilar biliary stricture between

December 2008 and May 2016 in our institution. The

protocol to carry out this retrospective study was approved

by the Institutional Review Board of Kindai University

Faculty of Medicine. EUS-IBD was performed when

transpapillary ERCP-guided stenting became ineffective.

Relevant data were retrieved from the patients’ medical

records. All patients had provided written informed consent

before undergoing endoscopic procedures.

UMHBS was diagnosed by imaging studies such as

computed tomography (CT), magnetic resonance imaging

(MRI), ERCP, or EUS. Hilar biliary stricture morphology

was assessed according to the Bismuth classification (type

I, tumor involves the common hepatic duct distal to the

biliary confluence; type II, tumor involves the biliary

confluence; type III, tumor involves the biliary confluence

plus the right or left hepatic duct; and type IV, multifocal

or tumor involves the confluence and both the right and left

hepatic ducts) [32].

EUS-IBDwas performed in patientsmeeting the following

criteria: (1) presence of hilar biliary stricture of Bismuth II or

higher caused by inoperable malignancy; (2) presence of

preceding stent placement under ERCP guidance; (3) pres-

ence of cholangitis and/or jaundice after repeated endoscopic

transpapillary stenting attempts; and (4) presence of dilated

intrahepatic bile duct detected byCT and/orMRI and/or EUS.

Contraindications included Eastern Cooperative Oncology

Group performance status of 3 or 4, bleeding tendency (pro-

thrombin time international normalized ratio[1.5,\50,000

platelets), or the use of antiplatelet agents.

Preparation for endoscopy

Patients were placed in the prone position with moderate

sedation using intravenous midazolam and/or propofol.

The level of sedation was titrated to optimize tolerance to

the procedure without compromising respiration by using a

bispectral index-measuring monitor. Patients were contin-

uously monitored during the procedure with an automated

noninvasive blood pressure device, electrocardiography,

and pulse oximetry.

Endoscopic procedure for EUS-IBD

EUS-IBD was performed using an oblique viewing linear

array echoendoscope (GF-UCT260; Olympus Medical

Systems, Tokyo, Japan). Endosonographic images were

observed using an ALOKA ProSound SSD a-10 (Hitachi

Aloka Medical, Tokyo, Japan).

In the present study, the puncture site of the bile duct

was selected according to the location of the biliary

dilatation. When the left bile duct was predominantly

dilated or both left and right bile ducts were dilated on

imaging, the left intrahepatic bile duct (LIBD) was punc-

tured from the stomach as this approach has been com-

monly selected and is well studied for EUS-IBD [25–28].

On the other hand, when the right bile duct was predomi-

nantly dilated, the right intrahepatic bile duct was regarded

as the puncture target.

After the echoendoscope was introduced into the stom-

ach, the left hepatic lobe and the LIBD were visualized.

After visualization of the dilated LIBD from within the

stomach, the echoendoscope was manipulated until an

appropriate puncture route, free from intervening vessels,

was identified. When selecting the LIBD for puncture, the

dilated biliary branch duct of B3 was generally chosen as

the ideal target. It was punctured with a 19-gauge needle

(SonoTip ProControl; Medi-Globe, Rosenheim, Germany)

under endosonographic guidance (Fig. 1A, B). Upon

Surg Endosc (2017) 31:4764–4772 4765
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Fig. 1 Endoscopic ultrasonography-guided intrahepatic biliary drai-

nage (EUS-IBD) after failed transpapillary re-intervention. A case of

a 55-year-old female with obstructive jaundice due to gallbladder

carcinoma is illustrated. Bilateral multiple biliary metal stentings

under ERCP guidance and duodenal stenting had already been

performed before EUS-IBD. Abdominal CT revealed dilatation of

both left and right intrahepatic bile ducts. A The dilated left

intrahepatic bile duct of B3 was punctured with a 19-gauge needle

under EUS guidance. B After puncturing the left intrahepatic bile duct

of B3, a small amount of contrast medium was injected, and

cholangiography revealed left biliary metal stent occlusion due to

tumor ingrowth (arrow heads). C A 0.025-inch guidewire was

inserted into the biliary system through the needle and advanced from

the left intrahepatic bile duct to the right intrahepatic bile duct

through the previously placed metal stents. Cholangiography revealed

the right biliary metal stent was also occluded due to tumor ingrowth

(arrow heads). D The fistula tract was serially dilated using a tapered

biliary bougie dilation catheters (arrows). E A covered self-expand-

able metal stent (8 mm in diameter and 10 cm in length) was

deployed between the left intrahepatic bile duct and the stomach.

After this procedure, the obstructive jaundice completely resolved in a

few days, even though EUS-IBD was only performed unilaterally

4766 Surg Endosc (2017) 31:4764–4772
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removal of the stylet, bile was aspirated, followed by

contrast injection under fluoroscopic guidance. Thereafter,

a sufficient length of 0.025-inch angle-tip guidewire

(Revowave; Piolax, Kanagawa, Japan, VisiGlide; Olympus

Medical Systems) or a 0.035-inch hydrophilic guidewire

(Radifocus; Terumo Co. Ltd., Tokyo, Japan) in difficult

cases was inserted into the biliary system through the

needle and advanced in an antegrade fashion to the main

LIBD (Fig. 1C), and then to the common bile duct, if

possible. The fistula tract was serially dilated using either

6-Fr or 7-Fr tapered biliary dilation catheters (Soehendra

Biliary Dilation Catheter; Cook, Bloomington, IN, USA)

(Fig. 1D) or a 4-mm balloon dilator (REN; Kaneka Medix,

Osaka, Japan, MaxPass; Olympus Medical Systems) over

the guidewire. Finally, a covered self-expandable metal

stent (8 mm in diameter, 8 or 10 cm in length) or a plastic

stent (7 Fr in diameter, 10 or 12 cm in length, double

pigtail type) was deployed between the LIBD and the

stomach (Fig. 1E). When it appeared to be difficult to

puncture B3 because of insufficient dilatation or interven-

ing vessels, the biliary branch duct of B2 was punctured

instead. In cases with right intrahepatic bile duct dilatation,

the procedure was performed by puncturing from the

duodenal bulb rather than the stomach. A covered or plastic

stent was deployed between the duct and the duodenal bulb

in the same way as described for the LIBD. Use of carbon

dioxide for endoscopic insufflation was applied during

EUS-IBD.

Outcome definitions and measurements

Outcomes assessed were technical and clinical success

rates, complication rate, stent patency, and patients’ length

of survival. Technical success was defined as successful

stent placement between the intrahepatic bile duct and the

gastrointestinal lumen, as confirmed by a combination of

endoscopy and fluoroscopy. Clinical success was defined as

a decrease in serum bilirubin levels to normal levels or by

50% or more within two weeks of stent placement. The

incidence of the following complications was calculated:

peritonitis, bile leakage, bleeding, stent migration, and

stent dysfunction. Stent-related complications were classi-

fied as early if within 30 days of stent placement or late if

after that point, according to the criteria of Cotton et al.

[33]. The stent patency period was defined as the interval

between stent placement by EUS-IBD and stent dysfunc-

tion or the patient’s death. Stent dysfunction was defined as

the recurrence of symptoms of biliary obstruction, includ-

ing obstructive jaundice or cholangitis, with biochemical

evidence of cholangitis (leukocytosis, fever, increasing

serum bilirubin level) and biliary dilatation on imaging

studies. Length of survival was defined as the interval

between stent placement by EUS-IBD and the patient’s

death.

All patients were followed until study termination

(September 30, 2016) or death. When patients could not be

directly followed for specific reasons such as moving to

another area, their family members or personal physicians

were contacted by telephone.

Statistical analysis

The data were summarized by numbers and percentages for

categorical variables or as median values and range for

continuous variables. Stent patency and patient survival

were evaluated using the Kaplan–Meier method. If stent

dysfunction was not evident before death, the patency

period was considered equal to the length of survival. Both

stent dysfunction and a patient’s death were treated as

combined endpoints. Univariable and subsequent multi-

variable logistic regression analyses were performed to

explore factors associated with clinical ineffectiveness of

EUS-IBD. Odds ratios (ORs) and 95% confidence intervals

(CIs) were calculated. The explanatory variables tested in

univariable analysis were age, gender, performance status,

serum bilirubin level before EUS-IBD, biliary stricture

morphology (Bismuth classification), type of stent (plastic

vs. metal stent), type of preceding endoscopic stent

placement (unilateral vs. bilateral), and number of previ-

ously placed metal stents. Variables with a P value of\0.1

in this analysis were included in the multivariable logistic

regression analysis. Statistical significance was set at a

P value of\0.05. All statistical analyses were performed

using SAS version 9.4 software (SAS Institute Inc., Cary,

NC, USA).

Results

Baseline patient characteristics

Between December 2008 and May 2016, 132 consecutive

patients underwent ERCP for Bismuth II or higher hilar

biliary stricture caused by malignancies. Of these patients,

30 (19 females and 11 males; median age, 66 years [range,

52–87]) underwent EUS-IBD after re-intervention under

ERCP guidance became technically unsuccessful or clini-

cally ineffective. The selection of patients is depicted in

Fig. 2. Table 1 shows the patient demographics and char-

acteristics, including type of cancer and Bismuth classifi-

cation. All of the patients had died by the end of the study.

Malignancy was histologically confirmed by EUS-guided

fine needle aspiration (n = 7), surgery for the primary

lesion (n = 4), bile cytology (n = 13), liver biopsy

(n = 4), or biopsy of duodenal invasion (n = 2). The
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immediate indications for EUS-IBD were after an ERCP

procedure in which there was failure of duodenal scope

insertion (n = 4), inability to access the papilla after

duodenal stent insertion (n = 5), or inadequate intrahepatic

biliary drainage (n = 21) (Table 2). The preceding biliary

metal stents had been placed bilaterally in 10 patients and

unilaterally in 20 (14 on the right and 6 on the left). The

median number of previously placed metal stents was 2

(range 1–4). After the first transpapillary stent placement

required replacement, the second procedure failed in four

of 30 patients, while the remaining 26 underwent multiple

repeated transpapillary re-interventions under ERCP guid-

ance. The median number of such procedures prior to EUS-

IBD was 4 (ranging from 2 to 14) and the median period

between initial ERCP-guided stent placement and EUS-

IBD was 102 days (range 10–560 days).

Technical and clinical success

EUS-IBD stent placement was technically successful in all

but one case (Table 3). According to imaging performed

before EUS-IBD, dilatation of the intrahepatic bile duct

was observed on both sides in 33.3% (10/30), predomi-

nantly on the left in 60% (18/30), and predominantly on the

right in 6.7% (2/30). The LIBD was punctured via the

stomach in 28 cases (B3 in 23 and B2 in 5) and the right

posterior intrahepatic duct via the duodenal bulb in 2. In

the technically failed case, the guidewire slipped out of the

biliary system after B3 was punctured. In that case, per-

cutaneous drainage was successfully performed instead. In

the 29 patients with technical success, the median proce-

dural time was 39.5 min (ranging from 21 to 68 min).

Plastic and metal stents were deployed in 9 and 20 patients,

respectively. Clinical success was attained in 22 of 29

(75.9%) or 73.3% of the entire sample of 30. The clinical

success rate for Bismuth IV strictures, however, was only

50% (6/12). Among the 22 patients with clinical success, 9

(40.9%) were able to resume chemotherapy after EUS-

IBD. The median interval from EUS-IBD until restarting

chemotherapy was 25.5 days (ranging from 9 to 48 days).

Complications, stent patency, and patient survival

Early procedure-related complications not requiring biliary

intervention occurred in three patients (10%), all of whom

had mild peritonitis managed conservatively with antibi-

otics (Table 3). Late complications of cholangitis and/or

recurrent jaundice due to stent dysfunction occurred in

seven patients (23.3%). This was managed endoscopically

in three cases by insertion of a plastic stent through the

previously deployed metal stent and in 2 with percutaneous

drainage. The remaining two patients were in very poor

condition and elected supportive care only. Among patients

with clinical success, there was no procedure-related or

Fig. 2 Flow

chart demonstrating the

selection of patients for the

study of endoscopic

ultrasonography-guided

intrahepatic biliary drainage.

EUS-IBD endoscopic

ultrasonography-guided

intrahepatic biliary drainage,

PTBD, percutaneous

transhepatic biliary drainage,

BSC best supportive care
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30-day mortality. All patients had died by September 30,

2016, the end of the study period. The median period of

stent patency in the 22 patients with clinically effective

EUS-IBD was 62.5 days (ranging from 31 to 210 days)

(Table 3; Fig. 3). The median period of patency for the

initial ERCP-placed stent in these same patients had been

91 days (ranging from 14 to 246 days). The median sur-

vival for these 22 patients after initial ERCP-guided stent

placement was 206 days (ranging from 42 to 610 days).

Following clinically successful EUS-IBD, median survival

was 64 days (ranging from 31 to 314 days).

Predictive factors for clinical failure

Excluding the patient with technical failure, factors pre-

dicting clinical failure were compared between the seven

patients who had clinical failure and the 22 with clinical

success. Univariable analysis showed that Bismuth classi-

fication (Bismuth IV vs. Bismuth II or III, OR 15.9; 95%

CI 1.58–162.1; P = 0.019) and the type of stent (plastic vs.

metal, OR 4.53; 95% CI 0.75–27.39; P = 0.099) were

considered candidate factors associated with clinical failure

of EUS-IBD (Table 4). Thus, these two variables were

included in multivariable logistic regression analysis,

which revealed that a Bismuth IV stricture was signifi-

cantly associated with clinical ineffectiveness of EUS-IBD

(OR 12.7; 95% CI 1.18–135.4; P = 0.035) (Table 5).

Discussion

In the present study, we retrospectively assessed the tech-

nical feasibility and clinical efficacy of EUS-IBD in

patients with UMHBS after initially successful ERCP-

guided transpapillary stenting ultimately failed. The EUS-

IBD was technically successful in all but 1 patient and was

clinically successful in three quarters of the patients, a

substantial proportion of whom were able to resume

chemotherapy.

EUS-IBD is usually applied for primary biliary drainage

when ERCP has not succeeded at all. Recently, Ogura et al.

Table 2 Reasons for ERCP re-

intervention failure that

necessitated EUS-guided

intrahepatic biliary drainage

Failure of duodenal scope insertion (%) 4 (13.3)

Failure to access the papilla after duodenal stent insertion (%) 5 (16.7)

Failure to achieve adequate intrahepatic biliary drainage (%) 21 (70)

EUS endoscopic ultrasonography, ERCP endoscopic retrograde cholangiopancreatography

Table 3 Outcomes of patients who underwent EUS-IBD for unre-

sectable malignant hilar biliary stricture

Outcome of EUS-IBD

Technical success (%) 29 (96.7)

Puncture site of the intrahepatic bile duct

Left B3/B2 (%) 23 (76.7)/5 (16.7)

Right posterior (%) 2 (6.7)

Procedural time (median [range]) 39.5 (21–68)

Clinical success (%) 22 (75.9)

Complications (%) 10 (33.3)

Early complications

Bile peritonitis 3 (10)

Late complications

Stent dysfunction 7 (23.3)

Bridge to chemotherapy (%) 9 (30)

Stent patency period (days) (median [range]) 62.5 (31–210)

Patient survival period (days) (median [range]) 64 (31–314)

EUS-IBD endoscopic ultrasonography-guided intrahepatic biliary

drainage

Table 1 Clinical characteristics of 30 patients with unresectable ma-

lignant hilar biliary stricture who underwent EUS-guided intrahepatic

biliary drainage

Clinical characteristics

Age (years) (median [range]) 66 (52–87)

Gender, male/female 11 (36.7)/19 (63.3)

Cause of biliary stricture

Cholangiocarcinoma 12 (40)

Gallbladder carcinoma 6 (20)

Pancreatic carcinoma 5 (16.7)

Hepatocellular carcinoma 1 (3.3)

Liver metastasis 5 (16.7)

Lymph node metastasis 1 (3.3)

Bismuth classification

Type II 5 (16.7)

Type III 13 (43.3)

Type IV 12 (40)

Total bilirubin (median [range]) (mg/dL) 7.3 (1.4–23.4)

Serum alkaline phosphatase

(median [range])

(mg/dL)

1636.5 (407–4477)

Type of preceding endoscopic

stent placement

Unilateral/bilateral 20/10

Number of previously placed

metal stents [median (range)]

2 (1–4)

Number of preceding endoscopic

interventions under ERCP

guidance [median (range)]

4 (2–14)

EUS endoscopic ultrasonography, ERCP endoscopic retrograde

cholangiopancreatography
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[31] first described using EUS-BD as a rescue for high-

grade hilar stricture after initially successful ERCP stenting

eventually failed. They performed EUS-IBD in 10 of 26

patients who failed a first repeated attempt at ERCP

stenting, reporting technical success in all 10 and func-

tional success in 9. The fact that a second ERCP stenting

procedure failed in 10 of 26 (38.5%) patients with stent

dysfunction in their study contrasts with the present study,

in which a repeat ERCP stent procedure failed in only four

of 30 patients (13.3%), comparable with the previous

reports [8–17]. The remaining 86.7% of patients in the

present study had a number of successful, repeat ERCP

procedures to manage stent dysfunction before EUS-IBD

was ultimately required. Inoue et al. [34] retrospectively

assessed placement of revisionary metal stent by ERCP

following occlusion of bilateral metal stents in 52 patients

with malignant hilar biliary obstruction. The median time

to recurrent obstruction of the revisionary stents was

68 days. Although their method was quite different from

ours, the median stent patency was comparable.

Although EUS-IBD was technically successful in 29 of

30 patients, 7 did not have accompanying clinical success.

Further analysis indicated that Bismuth IV biliary stricture

was an independent risk factor for clinical failure. In fact,

only 6 of 12 (50%) patients with Bismuth IV strictures had

clinical success. A likely explanation for this is the com-

plicated anatomy of Bismuth IV strictures involving both

right and left ducts as well as the hilum. EUS-IBD provides

only unilateral drainage. This technique, thus, may not be

optimal for Bismuth IV strictures.

In a recent systematic analysis of 1192 patients who

underwent EUS-BD, complications occurred in 23.3% of

patients [35], higher than the complication rate for ERCP

reported by Wang et al. [36]. In the present study, bile

peritonitis occurred in 10% of the patients and was clas-

sified as mild according to the criteria of Cotton et al. [33].

There were no moderate or severe procedure-related

complications. If metal stent dysfunction occurs after EUS-

IBD, a repeat of the procedure was difficult, as we

deployed a stent longer than 8 cm. A previous study

showed that a stent C3 cm long placed by EUS-IBD within

the gastrointestinal lumen may be suitable to prevent stent

migration and achieve long-term stent patency [37].

However, such a placement can sometimes make re-inter-

vention difficult. In the present study, only three of seven

patients could be managed endoscopically after stent dys-

function. The development of a new dedicated device for

EUS-BD is required and will facilitate re-intervention if

needed.

The optimal drainage strategy for treating UMHBS has

not yet been established and controversies remain, espe-

cially regarding the use of unilateral versus bilateral stents

[7]. Vienne et al. [38] analyzed the outcomes of drainage

after endoscopic stenting and found that effectiveness was

significantly associated with a liver volume drainage of

[50%. This was also associated with longer survival [38].

Drainage of more than half the liver volume often requires

placement of multiple stents. Miura et al. [39] analyzed

preoperative biliary drainage for malignant hilar biliary

stricture, finding that more than one stent was initially

placed in only 31 of 122 patients (25.4%), but eventually

69 (56.6%) required multiple stents. They concluded that

Fig. 3 Kaplan–Meier graph showing stent patency in patients after

clinically effective endoscopic ultrasonography-guided intrahepatic

biliary drainage

Table 4 Univariable analysis

of factors associated with

clinical ineffectiveness after

EUS-IBD in 29 patients with

technically successful

procedures

Independent variables OR 95% CI P value

Age, years 0.94 0.85–1.05 0.288

Gender, male/female 1.61 0.28–9.20 0.594

Performance status 1 or 2 versus 0 2.25 0.22–22.79 0.492

Serum bilirubin before EUS-IBD[10 mg/dL 2.33 0.41–13.17 0.337

Bismuth IV versus Bismuth II or III 15.9 1.58–162.12 0.019

Type of stent, plastic versus metal stent 4.53 0.75–27.39 0.099

Type of preceding stent placement unilateral versus bilateral 3.43 0.35–33.83 0.291

Number of previously placed metal stents 0.70 0.21–2.30 0.557

EUS endoscopic ultrasonography-guided intrahepatic biliary drainage, OR odds ratio, CI confidence

interval
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patients with Bismuth II or higher strictures were likely to

require multiple stents prior to surgery. These studies

suggest that effective drainage of a hilar biliary stricture

can frequently be achieved with bilateral or multiple stents.

The present study showed the technical and clinical effi-

cacy of EUS-IBD for UMHBS for additional unilateral

drainage of the liver volume after earlier transpapillary

procedures had failed. It would be ideal if dedicated EUS-

IBD devices could be developed to achieve safe and

effective bilateral drainage of the liver, for example,

simultaneously deploying a transpapillary stent in the right

intrahepatic bile duct and using EUS-IBD for the LIBD.

This might provide more extensive drainage of the liver

volume and perhaps longer stent patency and patient

survival.

This study has three inherent limitations. First, it was a

retrospective study performed in a single institution with a

relatively small number of patients. A multicenter study

with a larger numbers of patients is needed to further

evaluate the efficacy of EUS-IBD for failed repeat endo-

scopic interventions in patients with UMHBS. Second, the

study was not comparative. Further prospective random-

ized controlled studies to compare EUS-IBD with alter-

native methods such as percutaneous drainage are needed.

Third, 68.2% of our patients died of their underlying

advanced malignancy without any stent dysfunction.

Therefore, stent patency could not be determined precisely.

Patency can only be measured in patients with a longer

survival.

In conclusion, EUS-IBD appears to be a feasible, safe,

and effective rescue method in patients with UMHBS,

especially those with Bismuth II or III strictures, when

repeated ERCP-guided transpapillary interventions become

ineffective. Further prospective randomized studies with a

larger cohort of patients with UMHBS will be required to

demonstrate the efficacy and safety of this emerging

technique.
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Abstract
Background and Aim: The study aims to evaluate contrast-enhanced harmonic endo-
scopic ultrasonography (CH-EUS) for the differential diagnosis of submucosal tumors
(SMT) of the upper gastrointestinal tract.
Methods: Between June 2008 and May 2015, 157 consecutive patients with submucosal
lesions of the upper gastrointestinal tract were evaluated by CH-EUS. This was a single-
center retrospective analysis of prospectively collected data in a registry. The data from
73 patients who later underwent surgical resection were analyzed in this study. Surgical
specimens served as the final diagnoses. The two CH-EUS variables of blood flow (hy-
per-enhancement vs hypo-enhancement) and homogeneity of enhancement pattern were
evaluated.
Results: The final diagnoses were 58 gastrointestinal stromal tumors (GISTs) and 15 be-
nign SMTs (two lipomas, five leiomyomas, five schwannomas, two glomus tumors, and
one ectopic pancreas). On CH-EUS, 49 of 58 (84.5%) GISTs presented with hyper-
enhancement, whereas 4 of 15 (26.7%) benign SMTs showed hyper-enhancement; 21 of
58 (36.2%) GISTs showed inhomogeneous contrast enhancement, while only 2 of 15
(13.3%) benign SMTs demonstrated inhomogeneous contrast enhancement. If hyper-
enhancement was considered to indicate GISTs, the sensitivity, specificity, and accuracy
were 84.5%, 73.3%, and 82.2%, respectively. If inhomogeneous enhancement was consid-
ered to indicate GISTs, the sensitivity, specificity, and accuracy were 36.2%, 86.7%, and
46.6%, respectively. In lesions of less than 2 cm, hyper-enhancement was a more sensitive
indicator of GISTs than inhomogeneous enhancement.
Conclusions: Hyper-enhancement and inhomogeneous enhancement were found to be a
characteristic of GISTs. CH-EUS was useful for discrimination of benign SMTs from
GISTs.
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IntroductionQ5

Endoscopic ultrasound (EUS) is a diagnostic method with high
sensitivity for the detection of submucosal tumors (SMTs); how-
ever, it is usually difficult to achieve a differential diagnosis be-
tween benign and malignant SMTs with conventional EUS.1,2

EUS fine-needle aspiration (EUS-FNA) allows provision of a tis-
sue specimen from an SMT, which then permits histological and
immunohistochemical characterization, although the technique
may lack sufficient sensitivity because of insufficient tissue sam-
pling.3–6 Power Doppler EUS is useful for the assessment of
intratumoral vessels in malignant gastrointestinal stromal tumor
(GIST).7 However, it has several limitations, such as blooming
of large vessels, motion artifacts, and less sensitivity to the slow
flow within intratumoral vessels.
Recently, contrast-enhanced harmonic endoscopic ultrasonogra-

phy (CH-EUS) was developed specifically for contrast-enhanced
harmonic imaging. CH-EUS enables the observation of microcir-
culation and parenchymal perfusion in tumors, without the pres-
ence of Doppler-related artifacts. Sakamoto et al. reported on the
utility of CH-EUS for predicting the malignancy risk of GISTs.8

With regard to the differential diagnosis of SMTs of the upper gas-
trointestinal tract, the diagnostic yield and accuracy of CH-EUS
remains largely unknown, although a recent systematic review re-
ported that use of ultrasound contrast agents in EUS appeared use-
ful for differential diagnosis and risk stratification of SMTs.9 The
aim of this study was to evaluate the accuracy of CH-EUS for
the differential diagnosis of malignant (GISTs) and benign SMTs.

Methods

Study design. This was a single-center retrospective analysis
of prospectively collected data in a registry. The final diagnoses
were retrospectively made according to histological specimens ob-
tained from surgical resection or the results of EUS-FNA and clin-
ical coarse.

Patients. A total of 157 consecutive patients with SMTs of the
upper gastrointestinal tract underwent fundamental B-mode EUS
(FB-EUS) followed by CH-EUS at the Kindai University School
of Medicine between June 2008 and May 2015.
Seventy-three patients who underwent surgical resection be-

cause of features suggestive of malignancy (i.e., a size of 5 cm
or more, enlargement in size during follow-up, heterogeneous en-
hancement on computed tomography, presence of symptoms, or
diagnosis as GIST by EUS-FNA) were analyzed in this study. Pa-
tients were not chosen for surgical resection based on CH-EUS
findings. This study was performed with the approval of the ethics
committee of the Kinki University School of Medicine.

FB-EUS and CH-EUS. The echoendoscope used was devel-
oped specifically for CH-EUS (GF-UCT260, Olympus Medical
Systems Co. Ltd., Tokyo, Japan), and EUS images were analyzed
using an ALOKA ProSound SSD α-10 system (ALOKA Co. Ltd.,
Tokyo, Japan). After evaluation of the lesions using FB-EUS, the
imaging mode was changed to the extended pure harmonic detec-
tion mode, which synthesized the filtered second-harmonic com-
ponents with signals obtained from the phase shift for contrast-

enhanced harmonic imaging. The transmitting frequency and me-
chanical index were 4.7 MHz and 0.3, respectively. Sonazoid
(Daiichi-Sankyo, Tokyo, Japan), which consists of
perfluorobutane microbubbles surrounded by a lipid membrane,
was used as an ultrasound contrast agent for CH-EUS. Immedi-
ately before performing CH-EUS, the contrast agent was
reconstituted with 2 mL of sterile water for injection, and a dose
of 15 μL/kg bodyweight was prepared in a 2-mL syringe. A bolus
injection of the ultrasound contrast agent was administered at a
speed of 1 mL/s into the antecubital vein. This was followed by
a 10-mL saline solution flush to ensure that the entire contrast
agent was administered into the circulation.10

The CH-EUS lesion examinations lasted for 60 s from injection
of the contrast agent, and video sequences of 60 s were stored. Fol-
lowing the methods of previous reports,8,11 the enhancement pat-
terns were evaluated in terms of homogeneity and the amount of
blood flow in the blood-pool phase of the perfusion image (40–
60 s after the infusion of Sonazoid). The lesions were divided into
different size classes (< 2, 2–5, and> 5 cm), and the enhancement
patterns were assessed according to these size classes. The en-
hancement patterns on CH-EUS were classified as either homoge-
neous or inhomogeneous enhancement, according to a previous
report.8 Within-lesion blood flow on CH-EUS was quantified ac-
cording to three patterns: hypo-enhancement, iso-enhancement,
or hyper-enhancement; this was performed by comparisons with
the surrounding normal tissue, based on the methods in a previous
report.11

The quantity of blood flow (hypoenhancement-, iso-
enhancement, or hyper-enhancement) and the enhancement pat-
tern (homogeneous enhancement or inhomogeneous enhance-
ment) were independently reviewed by two reviewers (M Kudo
and H Imai), who have each performed over 1000 CH-EUS proce-
dures. For the reviews analyzed in this study, which were per-
formed on stored data, the readers were blinded to the final
diagnoses. When the independent conclusions of the two re-
viewers were discordant, third expert reviewer (M Kitano) evalu-
ated the saved images.

EUS-FNA. EUS-FNA was performed using 19-gauge, 22-
gauge, or 25-gauge needle. A maximum of five passes were made
to obtain sufficient material. When sufficient material was ob-
tained, immunohistochemical and hematoxylin–eosin staining
were performed.

Definition. The reference standard was the pathological find-
ing obtained after surgical resection. GISTs were defined as
subepithelial tumors composed of spindle cells that stained posi-
tive for c-kit and CD34.

Statistical analysis. The categorical variables from the two
groups (GIST and benign SMT groups) were compared using a
chi-squared test. A chi-squared test was also used for evaluating
the results of the dimensional stratification (different lesion size,
< 2, 2–5, and > 5 cm). A P value of < 0.05 was considered to in-
dicate statistical significance. For testing of interobserver agree-
ment in the CH-EUS findings, κ coefficients of > 0.8, > 0.6,
and > 0.4 were considered to indicate excellent, good, and
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moderate agreement, respectively. All statistical analyses were
performed using SAS software version 9.1 (SAS Institute, Cary,
NC, USA).

Results
The demographic characteristics and the final pathological diagno-
sis of the 73 patients who underwent surgical resection are shown
in TableT1 1. The final diagnoses were 58 GISTs and 15 benign
SMTs, which included lipoma (n = 2), leiomyoma (n = 5),
schwannoma (n = 5), ectopic pancreas (n = 1), and glomus tumor
(n = 2). GISTs were located in the gastric fornix (n = 12), gastric
body (n = 31), gastric antrum (n = 10), and duodenum (n = 5),
respectively.
Among the 84 patients who did not undergo surgical resection,

79 underwent EUS-FNA. In five patients, EUS-FNA was not per-
formed because the lesion size was too small. Out of the 79 pa-
tients who underwent EUS-FNA, 51 patients were diagnosed
with benign SMT and in 28 patients, the results of EUS-FNA were
inadequate. The 28 patients who were not diagnosed with GIST by
EUS-FNA and the five patients who did not undergo EUS-FNA
were followed up for 1 year, but their tumors did not show any dif-
ferences in size at the end of this period. Eighty-four patients who

did not undergo surgical resection were not analyzed because only
follow-up diagnosis cannot completely rule out the existence of
GISTs, and the inclusion of non-resected cases in the analysis
could have led to large bias.
Table T22 lists the CH-EUS findings of the lesions divided accord-

ing to lesion size (< 2, 2–5, and > 5 cm). A total of 49 GITSs
demonstrated hyper-enhancement (Fig. F11) and nine demonstrated
hypo-enhancement, whereas four benign SMTs demonstrated
hyper-enhancement and 11 demonstrated hypo-enhancement
(Fig. F22) (P < 0.001 for a quantitative difference in contrast en-
hancement between GISTs and benign SMTs). No cases showed
iso-enhancement. Analysis of enhancement patterns revealed that
37 GITSs showed homogeneous enhancement and 21 showed in-
homogeneous enhancement (Fig. F33), whereas 13 benign SMTs
showed homogeneous enhancement and two showed inhomoge-
neous enhancement (P = 0.165 for a difference in enhancement
patterns between GISTs and benign SMTs). As a result, hyper-
enhancement and inhomogeneous enhancement were considered
to be highly specific findings for GISTs. If hyper-enhancement
was considered to indicate GISTs, the sensitivity, specificity, and
accuracy were 84.5%, 78.9%, and 88.3%, respectively (Table T33).
If inhomogeneous enhancement was considered to indicate GISTs,
the sensitivity, specificity, and accuracy were 36.2%, 86.7%, and
46.6%, respectively (Table T44). In lesions of less than 2 cm,
hyper-enhancement was a more sensitive finding for the indication
of GISTs than inhomogeneous enhancement (85.0% vs 10.0%; Ta-
bles 3, 4). Table T55 lists the results of the combination of both CH-
EUS variables (homogeneous/inhomogenous enhancement and
hyper-enhancement/hypo-enhancement) in both lesion groups.
Only three GIST cases showed both homogeneous enhancement
and hypo-enhancement.
Testing of interobserver agreement between the two readers in

the determination of the quantity of blood flow (hyper-enhance-
ment or hypo-enhancement) and enhancement pattern (homoge-
neous and inhomogeneous enhancement) revealed a high level of
reproducibility (κ coefficient 0.723, P < 0.01 and κ coefficient
0.746, P < 0.01, respectively).
Fine-needle aspirations were performed in all 73 patients who

underwent surgical treatment. The percentage of samples judged
adequate for histological evaluation was 94.5% for GIST and
53.3% for benign SMT. If SMT lesions showing hyper-
enhancement on CH-EUS and/or indicating as GIST by EUS-
FNA were defined as GIST, the sensitivity of combining CH-
EUS with EUS-FNA results for diagnosing GIST was 100%.

Table 1 Patient characteristics and final diagnosis

Sex (male/female) 35/38
Mean age, years (range) 62 (24–90)
Median size of the lesion, mm (range) 28 (10–90)
Location (n)

Esophagus 4
Gastric- Fornix 15
Gastric- Body 36
Gastric- Antrum 13
Duodenum 5

Histology (n)
GIST 58
Benign SMT 15

Ectopic pancreas 1
Glomus tumor 2
Lipoma 2
Leiomyoma 5
Schwannoma 5

GIST, gastrointestinal stromal tumor; SMT, submucosal tumor.

Table 2 CH-EUS findings of the lesions divided into different size groups (< 2, ≥ 2, < 5, and > 5 cm)

GIST Benign SMT P value

Total
(n = 73)

Hypo/Hyper 16% (n = 9)/84% (n = 49) 73% (n = 11)/27% (n = 4) < 0.001
Homo/Inhomo 64% (n = 37)/36% (n = 21) 87% (n = 13)/13% (n = 2) 0.165

< 2 cm
(n = 20)

Hypo/Hyper 15% (n = 3)/85% (n = 17) — —

Homo/Inhomo 90% (n = 18)/10% (n = 2) — —

2–5 cm
(n = 46)

Hypo/Hyper 18% (n = 6)/82% (n = 27) 77% (n = 10)/23% (n = 3) < 0.001
Homo/Inhomo 58% (n = 19)/42% (n = 14) 92% (n = 12)/8% (n = 1) 0.056

> 5 cm
(n = 7)

Hypo/Hyper 0% (n = 0)/100% (n = 5) 50% (n = 1)/50% (n = 1) 0.608
Homo/Inhomo 0% (n = 0)/100% (n = 5) 50% (n = 1)/50% (n = 1) 0.608

CH-EUS, contrast-enhanced harmonic endoscopic ultrasonography; GIST, gastrointestinal stromal tumor; Hypo/Hyper, hypo-enhanced/
hyper-enhanced; Homo/Inhomo, homogeneous/inhomogenous contrast enhancement pattern; SMT, submucosal tumor.
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Discussion

In this study, we assessed CH-EUS for differential diagnosis of
SMTs of the upper gastrointestinal tract; these SMTs had a firm di-
agnosis following surgical resection. Firstly, CH-EUS perfusion
images were used to classify the lesions in terms of the amount
of blood flow, as hypo-enhancement or hyper-enhancement, and
in terms of the pattern of enhancement, as homogeneous or inho-
mogeneous enhancement. Hyper-enhancement was shown in al-
most all cases of GIST, with a tendency for homogeneous
enhancement to be exhibited in small GIST lesions and
inhomogenous enhancement in larger GIST lesions. By contrast,
most benign SMTs showed both hypo-enhancement and a homo-
geneous enhancement pattern.
Kannengiesser et al. reported CH-EUS findings on eight GISTs

and nine benign SMTs, with all eight GISTs presenting with
hyper-enhancement, findings that were similar to those presented

in this study.11 We are not aware of any reports describing homo-
geneous enhancement in SMTs on CH-EUS, although Sakamoto
et al. reported on the utility of CH-EUS for determination of the
degree of malignancy of GISTs.8 SMTs are frequently found in
Japan, as cancer-screening tests are routinely performed.12 There-
fore, in this study, we evaluated a larger number of patients than in
previous reports and included an analysis of contrast enhancement
pattern and quantity according to different lesion size categories.
We demonstrated that an inhomogeneous enhancement pattern
had a high specificity for diagnosis of small lesions, although the
sensitivity was poor, and that hyper-enhancement was a better pre-
dictive finding for lesions of less than 2 cm, as it was for lesions of
all sizes.
The diagnostic yield of EUS-FNA for SMTs is insufficient, with

reported values ranging from 43.3% to 77.8%.3,4 However, the di-
agnostic yield of EUS-FNA for GISTs was 81.6%, which was
higher than that for SMTs other than GISTs (62.7%). The Japanese

Figure 1 (a) ContrastQ6 -enhanced harmonic endoscopic ultrasonography image of a gastrointestinal stromal tumor demonstrating hyper-enhancement
and a homogeneous enhancement pattern. The gastrointestinal stromal tumor is 17 mm in size. The left side is a B-mode endoscopic ultrasound image
and the right side, a contrast-enhanced harmonic endoscopic ultrasonography image. (b) Histopathological image of CD 34 stain obtained by surgical
resection. Vessels in the tumor are densely depicted (arrows). [Color figure can be viewed at wileyonlinelibrary.com]
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guidelines for GISTs state that EUS-FNA has considerable diag-
nostic yield for lesions of ≥ 2 and < 5 cm, whereas lesions of less
than 2 cm, without malignant findings and symptoms, should be
followed up.13 The National Comprehensive Cancer Network
guidelines also recommended follow-up for SMTs of less than
2 cm.14 However, the risk of GIST metastasis cannot be accurately
predicted without assessment of surgical findings. In our study,
hyper-enhancement showed good sensitivity for GISTs, even if
the size of the lesion was less than 2 cm. Moreover, CH-EUS
may be a useful method for targeted EUS-FNA, as it can help in
the selection of suspicious GISTs of less than 2 cm.
This study has several limitations. The study was retrospective,

although the data used for analysis were derived from prospec-
tively collected databases. Verification bias cannot be excluded
as the CH-EUS results may have influenced decisions on
performing EUS-FNA for lesions of less than 2 cm and may

therefore have influenced decisions on the requirement for surgical
resection. There were only seven cases with lesions of more than
5 cm. All 20 cases of less than 2 cm were GISTs; therefore, the
specificity of CH-EUS was not calculated within this size group.
The amount of blood flow and homogeneity of contrast enhance-
ment on CH-EUS were analyzed in a subjective manner. There
is a potential for bias resulting from the fact that the readers who
assessed the CH-EUS images may have known that there was a
high suspicion of GISTs in all cases included in this study, as all
of the cases had undergone surgical resection. Lastly, benign
SMTs may show various enhancement patterns, which can lead
to difficulties in differentiating benign SMTs from GIST in some
cases. For example, an ectopic pancreas can show inhomogeneous
enhancement as a specific histology. Moreover, as a lipoma usu-
ally shows hyperechoic tissue before contrast enhancement, it
may not be easy to evaluate the enhancement pattern. To avoid

Figure 2 (a) Contrast-enhanced harmonic endoscopic ultrasonography image of a leiomyoma demonstrating hypo-enhancement and a homogeneous
enhancement pattern. The size of the leiomyoma is 30 mm. The left side is a B-mode endoscopic ultrasound image and the right side, a
contrast-enhanced harmonic endoscopic ultrasonography image. (b) Histopathological image of CD 34 stain obtained by surgical resection. Vessels
in the tumor are sparsely depicted (arrows). [Color figure can be viewed at wileyonlinelibrary.com]
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Figure 3 (a) Contrast-enhanced harmonic endoscopic ultrasonography image of a gastrointestinal stromal tumor demonstrating hyper-enhancement
and an inhomogeneous enhancement pattern. The gastrointestinal stromal tumor is 50 mm in size. The left side is a B-mode endoscopic ultrasound
image and the right side, a contrast-enhanced harmonic endoscopic ultrasonography. (b) Histopathological image of CD 34 stain obtained by surgical
resection. Many large vessels are depicted in the tumor (arrows). [Color figure can be viewed at wileyonlinelibrary.com]

Table 3 Diagnostic accuracy of CH-EUS for discrimination of benign SMTs from GISTs with hyper-enhancement considered to indicate GISTs

Sensitivity % (95% CI) Specificity % (95% CI) PPV % (95% CI) NPV % (95% CI) Overall accuracy % (95% CI)

Total
(n = 73)

84.5 (49/58)
(78.9–88.3)

73.3 (11/15)
(51.9–88.0)

92.5 (49/53)
(86.4–96.6)

55.0 (11/20)
(38.9–66.0)

82.2 (60/73)
(73.4–88.2)

< 2 cm
(n = 20)

85.0 (17/20)
(85.0–85.0)

—

—

100 (17/17)
(100–100)

0 (0/3)
(0)

85.0 (17/20)
(85.0–85.0)

2–5 cm
(n = 46)

81.8 (27/33)
(73.1–87.3)

76.9 (10/13)
(54.8–90.7)

90.0 (27/30)
(80.4–96.0)

62.5 (10/16)
(44.5–73.7)

80.4 (37/46)
(67.9–88.2)

5 cm<

(n = 7)
100 (5/5)
(84.6–100)

50.0 (1/2)
(11.5–50.0)

83.3 (5/6)
(70.5–83.3)

100 (1/1)
(22.9–100)

85.7 (6/7)
(63.7–85.7)

CH-EUS, contrast-enhanced harmonic endoscopic ultrasonography; CI, confidence interval; GIST, gastrointestinal stromal tumor; NPV; negative predic-
tive value; PPV, positive predictive value; SMT, submucosal tumor.
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this, if benign SMTs, with the exception of leiomyomas, had been
excluded, only five cases of benign SMT would have been in-
cluded in this study. Therefore, we analyzed all types of benign
SMTs in this study.
In conclusion, GISTs were characterized by hyper-enhancement

and an inhomogeneous enhancement pattern. In lesions of less
than 2 cm, hyper-enhancement was a more sensitive finding for in-
dication of GISTs than inhomogeneous enhancement. CH-EUS
was useful for discriminating between benign SMTs and GISTs.
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Table 4 Diagnostic accuracy of CH-EUS for discrimination of benign SMTs from GISTs with inhomogeneous-enhancement considered to indicate
GISTs

Sensitivity % (95% CI) Specificity % (95% CI) PPV % (95% CI) NPV % (95% CI) Overall accuracy % (95% CI)

Total
(n = 73)

36.2 (21/58)
(30.7–38.7)

86.7 (13/15)
(65.3–96.2)

91.3 (21/23)
(77.4–97.5)

26.0 (13/50)
(19.6–28.9)

46.6 (34/73)
(37.8–50.5)

< 2 cm
(n = 20)

10.0 (2/20)
(10.0–10.0)

—

—

100 (2/2)
(100–100)

0 (0/18)
(0)

10.0 (2/20)
(10.0–10.0)

2–5 cm
(n = 46)

42.4 (14/33)
(34.1–44.9)

92.3 (12/13)
(71.2–98.6)

93.3 (14/15)
(75.0–98.8)

38.7 (12/31)
(29.9–41.4)

56.5 (26/46)
(44.6–60.1)

> 5 cm
(n = 7)

100 (5/5)
(84.6–100)

50 (1/2)
(11.5–50)

83.3 (5/6)
(70.5–83.3)

100 (1/1)
(22.9–100)

85.7 (6/7)
(63.7–85.7)

CH-EUS, contrast-enhanced harmonic endoscopic ultrasonography; CI, confidence interval; GIST, gastrointestinal stromal tumor; NPV; negative predic-
tive value; PPV, positive predictive value; SMT, submucosal tumor.

Table 5 CH-EUS variables (homogenous/inhomogenous and hyper-en-
hancement/hypo-enhancement) according to lesion type

GISTs
(n = 58)

Hyper
(n = 49)

Hypo
(n = 9)

Homogenous
(n = 37)

34 3

Inhomogenous
(n = 21)

15 6

Benign
(n = 15)

Hyper
(n = 4)

Hypo
(n = 11)

Homogenous
(n = 13)

3 10

Inhomogenous
(n = 2)

1 1

CH-EUS, contrast-enhanced harmonic endoscopic ultrasonography;
GISTs, gastrointestinal stromal tumors.
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Review

Nucleotide-binding oligomerization domain 1
and gastrointestinal disorders

By Tomohiro WATANABE,*1,*2,† Naoki ASANO,*3 Masatoshi KUDO*1 and Warren STROBER*2

(Communicated by Shizuo AKIRA, M.J.A.)

Abstract: Nucleotide-binding oligomerization domain 1 (NOD1) is an intracellular sensor
that detects small peptides derived from the cell wall component of intestinal microflora. NOD1 is
expressed in both non-hematopoietic cells such as epithelial cells and hematopoietic cells such as
antigen-presenting cells. Detection of its ligand by NOD1 leads to innate immune responses through
activation of nuclear factor kappa B and type I interferon as well as induction of autophagy. Innate
immune responses through NOD1 activation play an indispensable role both in host defense against
microbial infection and in the development of gastrointestinal disorders. Of particular importance,
NOD1-mediated innate immune responses are associated with mucosal host defenses against
Helicobacter pylori (H. pylori) infection of the stomach and with the development of pancreatitis.
In this review, we discuss the molecular mechanisms by which NOD1 activation leads to the
development of H. pylori-related gastric diseases and pancreatitis.

Keywords: NOD1, Helicobacter pylori, pancreatitis

Introduction

Over the past several decades, our understand-
ing of innate immune system responses has been
markedly increased through the intensive study of
Toll-like receptors (TLRs).1) The TLR system con-
sists of a family of recognition units that respond
to microbe-associated molecular patterns (MAMPs)
derived from microbes and that are expressed on
the cell-surface or endosomes of innate immune
cells such as epithelial cells and antigen-presenting

cells (APCs). Activation of TLRs generally leads to
pro-inflammatory cytokine responses and enhanced
antigen (Ag)-specific adaptive immune responses,
both of which are necessary for host defense against
microbial infections.1) However, in some circum-
stances such activation can be inappropriate or
excessive and in these instances has been impli-
cated in the immuno-pathogenesis of auto-immune
diseases.2)

More recent studies of innate immune responses
have led to the discovery that the TLR-dependent

chemokine ligand; DAMP: damage-associated molecular pattern;
iE-DAP: .-D-glutamyl meso-diaminopimelic acid; ER: endoplas-
mic reticulum; GI: gastrointestinal; H. pylori: Helicobacter pylori;
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interferon regulatory factor; ISGF3: IFN-stimulated gene factor 3;
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5B: nuclear factor-5B; NLR: NOD-like receptor; OMV: outer
membrane vesicle; PERK: protein kinase RNA-like endoplasmic
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SLC15: solute carrier family 15; Stat: signal transduction and
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model of host recognition and response to MAMPs
described above are not limited to TLRs. This
became apparent from the identification of another
family of innate immune receptors called nucleotide-
binding oligomerization domain (NOD)-like recep-
tors (NLRs) that also recognize and respond to
MAMPs3)–6) but differ from TLRs in their structure
and in their cytosolic location. In addition, the
MAMPs sensed by TLRs and NLRs are markedly
different, as is the downstream signaling pathways
induced by the MAMPs.1),3)–6) These differences
make it clear that NLRs constitute an innate immune
mechanism that is parallel to but independent of the
TLRs mechanism.

NOD1 is a prototypical NLR that detects small
peptides (notably .-D-glutamyl meso-diaminopimelic
acid (iE-DAP) and related peptides) derived from
peptidoglycan (PGN), a major component of the
bacterial cell wall.7) Given the fact that PGN
containing iE-DAP is present in the cell wall of the
Gram-negative bacteria constituting the major class
of organisms comprising the gut microflora, NOD1
responses are potentially involved in both homeo-
static and host-defense responses to commensal
and pathogenic organisms in the gastrointestinal
(GI) tract. In fact, there is extensive evidence that
NOD1 responses to commensal organisms are not
only important during the development of the
mucosal immune system early in life,8) but also
important later on in responses to infection caused
by important pathogens such as Helicobacter pylori
(H. pylori).9)–11) In addition, there is evidence that
NOD1 responses are key factors in the development
of pancreatitis as reflected in the experimental
pancreatitis caused by cholecystokinin hyper-
stimulation.12)–14) In this review, we focus on these
somewhat disparate NOD1-mediated responses with
the aim of clarifying how molecular events initiated
by NOD1 activation can contribute to both host
defense and inflammatory responses.

Structure of NOD1 and uptake
of NOD1 ligands

NOD1 is structurally similar to other NLR
proteins in that it is composed of an N-terminal
caspase activation and recruitment domain (CARD),
a central NOD and a C-terminal leucine-rich repeat
domain (LRR).3)–6) As in the case of TLRs containing
LRR domains, NOD1 detects its ligand through its
C-terminal LRR and ligand binding to this domain
leads to oligomerization of NOD1 accompanied by
binding and activation of receptor interacting protein

2 (RIP2), the obligate initiator of NOD1 downstream
signaling pathways.

Given the fact that NOD1 is expressed in the
cytoplasm rather than in the membrane of cells,
bacterial PGN needs to gain entry into cells before
it can activate NOD1. Obviously, this problem does
not apply to ligand associated with invasive bacteria
that exhibit various mechanisms of cell entry.
However, there exist other pathways of ligand entry
that can be potentially used by non-invasive bacteria
as well as invasive bacteria. One such pathway
involves cellular uptake of bacteria by endocytosis
followed by degradation of bacterial components
(including PGN) in phago-lysosomes and transport
of the peptides derived from degradation across
the endosomal membrane by a peptide transporter
protein, solute carrier family 15 (SLC15A3 and/or
SLC15A4) members.15),16) This has been shown by
the fact that SLC15A4-deificent mice showed a
significant decrease in the NOD1 ligand–induced
secretion of cytokine as compared with SLC15A4-
intact mice15) and SLC15A3-deficient cells have been
shown to exhibit reduced production of cytokines
upon stimulation with NOD2 ligand.16) Interestingly,
NOD2 binds to SLC15A and the complex formed
includes RIP2, indicating that the transporter
protein serves as a “platform” for NOD protein
activation at the endosomal interface. Another
pathway of NOD1 ligand delivery into the cytoplasm
involves outer membrane vesicles (OMVs), i.e.,
bilayered spherical structures that can be shed from
all Gram-negative bacteria.17) Such OMVs contain
PGN and are taken up by cells via autophagy into
autophagosomes. NOD1 ligand is presented to NOD1
by early endosomes, perhaps by a mechanism
involving SLC15 transporter proteins as discussed
above; this mechanism whatever its nature, also
facilitates NOD1 binding to RIP2. Yet a third
pathway of NOD1 ligand delivery occurs via direct
delivery of ligand by a Type IV bacterial secretion
system.9) This has been described in relation to
delivery of PGN into gastric epithelial cells by
H. pylori bearing the cag pathogenicity island, the
latter encoding the genes for the secretion system.
However, it applies to any bacterium that expresses
a Type IV secretion system.

These findings regarding the delivery systems
of NOD1 ligands and PGN strongly suggest that
NOD1 can recognize not only invasive bacteria but
also extracellular bacteria. As such they suggest
that activation of NOD1 is a common event in cells
exposed to Gram-negative bacteria.
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NOD1-expressing cells

NOD1 is expressed in a broad range of both
hematopoietic cells and non-hematopoietic cells and
thus has the potential to fulfill a variety of
immunologic functions. Among hematopoietic cells
its role in the innate responses of APCs such as
macrophages and dendritic cells is most prominent
and indeed these cells constitutively express cyto-
plasmic NOD1 that mediate cytokine responses
to NOD1 ligands as already indicated above.3)–6)

However, while independent NOD1 ligand stimula-
tion elicits rather low level cytokine responses as
compared to those elicited by TLR ligands they have
a marked ability to enhance concomitant TLR
responses.18),19) This is most likely due to the fact that
NOD1 signaling (as well as NOD2 signaling) engages
a down-stream activation pathway that is somewhat
independent of and additive to the pathway ordina-
rily utilized by TLR signaling, such as RIP2
signaling.3)–6) Whatever its underlying mechanism,
the synergism between NOD1 and TLR signaling
has been shown to be necessary for the initiation of
substantial adaptive T helper type 1 (Th1), Th2, and
Th17 responses.20),21) In effect, this means that innate
immune sensing of PGN by NOD1 acts cooperatively
with sensing of MAMPs by TLRs to promote the
development of the robust innate and adaptive re-
sponses necessary for eradication of invasive bacteria.
A good example of this is the role of NOD1 in a model
of Salmonella typhimurium infection wherein it has
been shown that NOD1 expressed by intestinal
lamina propria dendritic cells is indispensable to the
elimination of the Salmonella.22)

Another role of cytosolic NOD1 in microbial
infection also related to the fact that its signaling
pathway is somewhat independent of that utilized by
TLR ligands has been uncovered by Kim et al.23),24)

It has been shown that repeated exposure of APCs to
the same or other TLR ligands results in reduced pro-
inflammatory cytokine responses and defense against
bacteria, probably due to an as yet poorly defined
tolerance mechanism.25) However, such reduction is
more severe in the absence of NOD1 (and NOD2),
indicating that responses mediated by the latter
ameliorate the tolerance effect.23),24) This can be
explained by the supposition that mechanisms of
TLR and NOD tolerization are different and that
NOD responses are preserved in the face of TLR
tolerization.

NOD1 (and NOD2) are also expressed by B and
T cells but ligands for these innate factors elicit

responses only when the cells are also stimulated via
their respective Ag receptors.26),27) However, the co-
stimulatory responses to NOD1 and NOD2 ligand
stimulation in these cells are quite modest and are
observed with respect to NOD1 only in the case of
tonsil-derived B cells.

Neutrophils are yet another hematopoietic cell
that expresses functional NOD1 and indeed it has
been shown that bone marrow neutrophils are pre-
activated by NOD1 (but not by NOD2) recognition
of bacterial PGN translocated from the gut into the
bone marrow.28),29) In addition, such NOD1-mediated
neutrophil pre-activation and its associated increased
phagocytic capacity enhances killing of Streptococcus
pneumoniae and Staphylococcus aureus organisms
and thus participates in host defense against in-
fection with these bacteria.

As indicated above, NOD1 is also expressed in
non-hematopoietic cells and indeed NOD1 responses
in such cells may contribute to homeostasis or host
defense against pathogens in a manner independent
of concomitant NOD1 responses in APCs. This is
usually inferred from in vitro studies of cell lines
or in vivo studies of in situ cells that are shown
to produce NOD1-dependent, epithelial cell-specific
anti-microbial peptides (AMPs). NOD1 responses in
gut epithelial cells have been the main focus of study
in this context corresponding to the fact that such
cells are in constant contact with the gut microflora
that express NOD1 ligands.3)–6) With respect to gut
epithelial cell responses affecting homeostasis, it has
been shown that NOD1-deficient mice (as well as
NOD2-deficient mice) exhibit increased para-cellular
permeability as well as decreased RegIII-. production
and, as a possible consequence, exhibit increased
susceptibility to dextran sodium sulfate-induced
colitis.30) In addition, qPCR-based assessment of
mRNA expression in the ileum or cecum of NOD1-
deficient mice revealed that such mice produced
lower levels of NOD2, Muc2, ,- and O-defensins as
well as keratinocyte-derived chemokine as compared
to NOD1-intact littermates; however, this was not
associated with changes in the gut microbiome.31)

These studies relate to those of NOD2-deficient mice
in which it was shown that NOD2 deficiency leads
to increased gut permeability, increased microflora-
dependent induction of suppressor cells and de-
creased experimental colitis; thus, NOD2 deficiency
(and by extension, NOD1 deficiency) has significant
down-stream effects on gut homeostasis.32)

Epithelial cell-intrinsic NOD1 responses also
contribute to host defense against gut pathogens.
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Thus, H. pylori, an organism that does not invade the
lamina propria, elicits a NOD1-dependent type I IFN
and chemokine responses in epithelial cell lines.9),10)

That this type of response affects host defense was
shown by the fact that the gastric cancer cell line with
reduced NOD1 expression secrete a reduced amount
of AMPs and exhibited a reduced capacity to kill
H. pylori organisms;33) in addition, mice with NOD1
deficiency exhibit increased susceptibility to H. pylori
infection due to impaired type I IFN and Th1
responses.34) Such NOD1-mediated host defense is
not limited to H. pylori since it has been shown that
exposure of cells to enteroinvasive Escherichia coli
elicits a NOD1-dependent host defense response
suggesting that NOD1 signaling in epithelial cells
has a very broad capacity to induce host defense
factors.35) Finally, it should be mentioned that
NOD1-deficient mice are more susceptible to
Clostridium difficile infection which in this case was
attributed to decreased neutrophil recruitment occur-
ring as a result of decreased epithelial cell C-X-C
motif chemokine ligand 1 (CXCL1) production.36)

NOD1 signaling relating to host defense is by
no means limited to epithelial cells in the GI tract.
This is shown in studies of Chlamidia trachomatis
infection wherein it has been shown that host defense
against infection of the female genital tract by this
organism is accompanied by NOD1-mediated induc-
tion of IL-1O by trophoblast cells.37) In addition,
Chlamydia pneumoniae infection elicits NOD1 acti-
vation followed by IL-8 production in endothelial
cells that in this case links NOD1 activation with the
development of vascular lesions and coronary heart
disease caused by this organism.38) Finally, it should
be noted that parenchymal cells such as hepato-
cytes39) and pancreatic acinar cells express functional
NOD1;12)–14) in the latter case, sensing of commensal
organism-derived PGN by NOD1 mediates acute and
chronic pancreatitis as discussed in greater detail
below.12)–14)

The NOD1 responses of various types of cells
reviewed above is to a great extent regulated by their
level of NOD1 expression. As might be expected such
expression is up-regulated in an inflammatory milieu
such as that accompanied by the generation of type I
IFN and IFN-..40),41) The involvement of type I IFN
in NOD1 expression has been inferred from studies
of Listeria monocytogenes infection in which it was
observed that increased macrophage NOD1 expres-
sion normally induced by this infection is virtually
absent in type I IFN receptor-deficient mice.40) On
the other hand, baseline expression of NOD1 by

epithelial cells is up-regulated by IFN-., but not
TNF-,, and this is mediated by the binding of IFN-.-
induced interferon regulatory factor 1 (IRF1) to the
NOD1 promoter.41)

As mentioned above, NOD1 activation plays a
protective role in a wide variety of major bacterial
infections such as Salmonella typhimurium, Strepto-
coccus pneumoniae, Staphylococcus aureus, enter-
oinvasive Escherichia coli, Clostridium difficile,
Chlamidia trachomatis, and Chlamydia pneumo-
niae.22),28),29),36)–38) In addition, it is involved in the
pathogenesis of several important viral infections
including cytomegalovirus42) and Hepatitis C virus.43)

Thus, it is clear that NOD1 activation is involved in
various kinds of human infectious diseases.

Signaling pathways of NOD1 (Figure 1)

NOD1-mediated activation of nuclear factor-
kappa B (NF-5B) and mitogen-activated protein
kinases (MAPKs). NOD1 activation resulting
from LRR sensing of NOD1 ligand is initiated by a
NOD1 conformational change that allows a homo-
typic interaction between NOD1 CARD domains and
NOD1 auto-oligomerization; this, in turn, is followed
by recruitment of RIP2, its initial down-stream
signaling molecule.3)–6) Such RIP2 recruitment is an
obligate step in NOD1 (as well as NOD2) signaling
since cells from mice deficient in RIP2 are unable
to mediate NOD1 (or NOD2) activation of pro-
inflammatory cytokine responses.44),45) Whether
RIP2 signaling is dedicated solely to NODs responses
is an important question since RIP2 signaling not
dependent on NODs activation may be necessary for
an optimal cytokine response in the case of inflam-
mation accompanied by both NODs and TLR
stimulation. The answer to this question is somewhat
controversial; thus, while earlier reports indicated
that TLR responses also were mediated by RIP246)–48)

more recent reports indicate that TLR responses are
undiminished in the absence of RIP2.44),45),49) Despite
these recent findings, RIP2 activation appears to be
necessary for cytokine responses not stimulated by
NOD1 and NOD2 since IFN-. responses in the
absence of RIP2 are greatly diminished in Th1 cells
stimulated with IL-12 or IL-12 and IL-18,46) i.e., a
cytokine response clearly not driven by NOD1 and
NOD2.

Following its activation by NOD1, RIP2 in
a ubiquitinated form (see below) complexes with
TAK1-binding protein 2 (TAB2) and TAB3 and
then recruits TGF-O-activated kinase 1 (TAK1) to
form an activator of the I5B kinase (IKK) complex;
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this, in turn, leads to the phosphorylation/degrada-
tion of I5B, and nuclear translocation of nuclear
factor-kappa B (NF-5B) subunits that promote
transcription of NF-5B target genes through binding
to multiple promoter sites.3)–6) In addition to NF-5B,
mitogen-activated protein kinases (MAPKs) includ-
ing extracellular signal-regulated kinase, c-JUN N-
terminal kinase, and p38 are activated by RIP2.3)–6)

The binding of RIP2 to NOD1 is followed by
various forms of RIP2 post-translational modification
via ubiquitination. Such modification suggests that
RIP2 may have various functions (depending on
modification) following activation by NOD1 or that
activation by NOD1 is controlled by subsequent
check-points that prevents down-stream pro-inflam-
matory responses following inappropriate NOD1
activation.

RIP2 ubiquitination is regulated by a number
of E3 ligases including various cellular inhibitor of
apoptosis proteins (cIAPs) and TNF-receptor asso-
ciated factors (TRAFs).50)–52) E3 ligases are consid-
ered to be involved in Lysine 63 (K63)-linked poly-
ubiquitination, acquisition of RIP2 kinase function
and autophosphorylation at Tyr 474.50)–53) More
recently, X-linked inhibitor of apoptosis (XIAP) has
also been shown be an ubiquitinator of RIP2.54)–56)

This IAP contrasts with the cIAPs mentioned above
because it induces linear ubiquitin chain assembly
(rather than K63 assembly) via recruitment of a
linear ubiquitin chain assembly complex (LUBAC)
composed of HOIL1L, HOIP, and SHARPIN.54)–56)

Both cIAPs-induced polyubiquitination and its ac-
company auto-phosphorylation and XIAP-induced
polyubiquitination have been shown to be associated

NOD1

RIP2
pUb by E3 ligase
or LUBAC

TAK1

NF-κB IRF3, IRF7

TRAF3

ATG16L1

Autophagosome

Pro-Inflammatory 
Responses 

Type I IFN
Responses 

Internalization and 
Digestion of Microbes

PGN

Gram-Negative 
Bacteria

TBK1/IKKεIKK
Complex

Fig. 1. Signaling pathways of NOD1. Nucleotide-binding oligomerization domain 1 (NOD1) detects peptidoglycan (PGN) derived from
Gram-negative bacteria. Sensing of PGN by intracellular NOD1 leads to activation of receptor interacting protein 2 (RIP2). RIP2
subjected to poly-ubiquitination (pUb) by E3 ligases or linear ubiquitin chain assembly complex (LUBAC) interacts with TGF-beta-
activated kinase 1 (TAK1) and I5B kinase (IKK) complex to induce nuclear translocation of nuclear factor-5B (NF-5B) subunits. On
the other hand the interaction between RIP2 and TNF receptor associated factor 3 (TRAF3) induces type I IFN responses through
nuclear translocation of interferon regulatory factor 3 (IRF3) and IRF7. NOD1 also interacts with ATG16L1 to induce autophagy.
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with RIP2 down-stream NF-5B activation, although
the necessity for cIAPs-induced ubiquitination has
been questioned by the fact that cIAP inhibitors do
not abrogate RIP2 signaling function (see further
discussion below).57) Interestingly, mutations in the
XIAP gene results in an immunodeficiency state
known as X-linked lymphoproliferative syndrome
type 2.54),55) This immunodeficiency may result, at
least in part, from the fact that mutations in XIAP
may cause defective binding to RIP2 or ubiquitina-
tion of RIP2 and thus in defective NOD1/2-RIP2
innate responses.54),55)

Pellino 3 and ITCH are two additional E3
ligases contributing to RIP2 polyubiquitination.
Pellino 3 is a member of a ligase family known to
polyubiqitinate IRAKs and thus to augment TLR
signaling.57) It induces K63 polyubiquitination of
RIP2 at sites other than that targeted by cIAPs and
does not act via recruitment of LUBAC.57) Pellino 3-
deficient mice exhibit reduced NOD function and
thus its polyubiquitination of RIP2 is thought to be
necessary for NOD-mediated innate responses; in this
regard, initial Pellino 3-mediated poly-ubiquitination
may be necessary for subsequent XIAP polyubiquiti-
nation and the two E3 ligases may act in tandem
to mediate RIP2 activation.57) ITCH, in contrast,
causes ubiquitination of RIP2 that induces reduced
RIP2 activation and thus ITCH deficiency is
associated with mucosal inflammation possibly due
to inappropriate RIP2-mediated pro-inflammatory
function.58)

The positive effect of polyubiquitinating E3-
ligases on RIP2 activation is counterbalanced by
the negative effect of deubiquitinating enzymes that
remove poly ubiquitin chains from target molecules.
Thus, deubiquitinating enzymes such as A20 and
CYLD are negative regulators of NOD-signaling
pathways and pro-inflammatory cytokine responses
are markedly increased in A20-deficient or CYLD-
deficient APCs upon stimulation with NOD
ligand.59)–61) However, these deubiquitinating factors
are not the only negative regulators of NODs;
the latter include TRAF4 that binds directly to
NOD2.62),63) Such negative regulators could conceiv-
ably be necessary to prevent excessive NOD inflam-
matory responses.

NOD1-mediated activation of type I IFN.
Whereas activation of the NF-5B and MAPK path-
ways are the major down-stream outcomes of NOD1
signaling, the latter also results in induction of type I
IFN production, another important component of
the inflammatory response.10),42),64) This was initially

discovered by Watanabe et al., who found that
gastric and colon cancer cell lines produced a large
amount of chemokines upon stimulation with NOD1
ligand and that these included chemokines with the
C-X-C motif (CXCL9, CXCL10, and CXCL11) that
are dependent on type I IFN responses.10) They then
found that, as expected, gastric and colonic epithelial
cells stimulated with NOD1 ligand induced robust
production of IFN-O and neutralization of the type I
IFN signaling pathway by blockade of the IFN,O

receptor resulted in a marked reduction of CXCL10
expression.10)

Type I IFN activates transcription of genes
related to anti-microbial host defenses by acting
through its receptor to induce nuclear translocation
of a heterotrimeric complex, called IFN-stimulated
gene factor 3 (ISGF3), the latter composed of signal
transduction and activator of transcription 1 (Stat1),
Stat2, and IRF9.65) Thus, in further studies relating
NOD1 induction of type I IFN-induced responses
to chemokine production Watanabe et al. showed
that inactivation of ISGF3 via gene-silencing of
Stat1 or Stat2 resulted in reduced NOD1 induction
of CXCL10. Then, in studies focused on the origin
of NOD1-induced CXCL10 production, Watanabe
et al. conducted studies of bone marrow chimeric
mice in which they showed that elevated serum levels
of IFN-O and CXCL10 seen in NOD1-intact mice
treated with NOD1 ligand were markedly decreased
in X-irradiated NOD1-deficient mice transplanted
with NOD1-intact bone marrow cells, but not in
X-irradiated NOD1-intact mice transplanted with
NOD1-deficient bone marrow cells.10) These results
thus suggested that IFN-O production followed by
IFN-O-dependent chemokine responses is an innate
immune response induced by NOD1 activation in
non-hematopoietic cells, most likely GI epithelial
cells. Given the fact that CXCL10 attracts CXCR3-
expressing Th1 cells,66)–68) it is probable that
activation of NOD1 signaling pathways in such
epithelial cells is responsible for the generation of
IFN-O and Th1 responses.

As for the molecular mechanisms leading to
IFN-O production via NOD1 activation, detailed
over-expression and knock-down studies revealed
that NOD1 binding to its ligand leads to activation
of RIP2 followed by the physical interaction between
RIP2 and various TRAFs, such as TRAF2, TRAF5,
and TRAF6 that then play a role in RIP2-mediated
NF-5B activation.51),69) In addition, activated RIP2
interacts with TRAF3 to initiate a signaling pathway
that results in induction of type I IFNs.10) This
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pathway involves activation of TANK-binding kinase
1 (TBK1) and I5B kinase C (IKKC) followed by
nuclear translocation of IRF7, a transcription factor
acting directly as a transcription factor for type I
IFN promoter and indirectly through its induction of
type I IFN and the latter’s induction of ISGF3.70),71)

Thus, the RIP2-TRAF3-TBK1-IKKC-IRF7 axis
plays a key role in the induction of type I IFN
responses via NOD1.10) The interaction between
RIP2 and TRAF3 appears to be a unique feature of
NOD1 activation. It is reminiscent of the interaction
between MyD88 and TRAF3, which plays an
indispensable role in the generation of TLRs-induced
type I IFN responses.72)

Importantly, sensing of Gram-negative bacteria
residing the GI tracts by intracellular NOD1 medi-
ates mucosal host defense against gastric infection of
H. pylori and development of pancreatitis through
induction of type I IFN responses (see below).
Moreover, recent studies by Fan et al. highlights
the importance of NOD1-RIP2-mediated type I IFN
responses in anti-viral host defense responses to
cytomegalovirus infection of the GI tract.42)

The role of NOD1 in autophagy and in the
endoplasmic reticulum stress response. NOD1
has a surprisingly important role in cellular homeo-
stasis, one involving autophagy and the other, the
unfolded protein response. Long-lived proteins and
cytoplasmic organelles are degraded or are processed
for recycling by a cellular mechanism known as
autophagy.73) During autophagy double-membrane
vacuoles are formed that entrap targeted proteins
and subject the latter to proteolytic digestion when
the vacuoles are fused with lysosomes. Autophagy
also provides machinery for the handling of bacteria
that gain cellular entry, but the mechanism that links
detection of such bacteria to autophagy is poorly
understood. Insight into one such possible mechan-
ism has been reported by Travassos et al. who found
that invasive bacteria induce autophagic responses
via binding of bacterial NOD1 ligand to cellular
NOD1 at the bacterial entry site, which then
triggers autophagy by NOD1 binding to ATG16L1,
an autophagy-inducing protein.73),74) Such NOD1-
induced autophagy in epithelial cells was shown to
control infection with invasive bacteria such as
Shigella flexneri, but similar NOD1 interactions are
presumably involved in the cellular entry of other
bacteria as well.

The NOD1-mediated induction of autophagy
described above is independent of NOD1 signaling
involving RIP2.74) However, Irving et al. provided

evidence that endosomal co-localization of NOD1
and RIP2 following bacterial OMV uptake leads
to autophagy and inflammatory responses in gas-
tric epithelial cells.17) Recently, data bearing on
whether such RIP2-mediated autophagy depends on
ATG16L1 was reported by Sorbara et al.75) These
authors found that epithelial cells subjected to
ATG16L1-knockdown exhibit increased chemokine
responses upon stimulation with NOD1 ligand. In
addition, they found that such increased responses
were dependent on RIP2 signaling since they were
not seen in RIP2-deficient cells.75) Conversely,
epithelial cells over-expressing ATG16L1 exhibit
markedly decreased K63-linked poly-ubiquitination
of RIP2 upon activation of NOD1. These data thus
suggest that interaction of NOD1 with ATG16L1
causes inhibition of RIP2 poly-ubiquitination and
thus inhibition of NOD1-RIP2 pro-inflammatory
signaling. Importantly, such negative regulation of
NOD1-RIP2 signaling by ATG16L1 was independent
of autophagic responses, implying that the NOD1
induction of autophagy via activation of RIP2
reported by Irving involves an autophagy-inducing
mechanism independent of ATG16L1.

The accumulation of unfolded or misfolded
proteins caused by endogenous cellular factors or
microbial infection can trigger endoplasmic reticulum
(ER) stress, a possible pro-inflammatory mechanism
underlying Crohn’s disease or type 2 diabetes. ER
stress induces inflammation by initiating the unfolded
protein response (UPR), a process that is marked by
the activation of three ER transmembrane receptors:
protein kinase RNA-like endoplasmic reticulum
kinase (PERK), activating transcription factor 6
(ATF6) and inositol-requiring enzyme 1 (IRE1,).76)

One of these ER receptors, IRE1,, accounts for the
pro-inflammatory potential of the UPR by recruiting
TRAF2 to the ER membrane and thus the activa-
tion of NF-5B and the production of IL-6.76)

Unexpectedly, recent studies show that IRE1,/
TRAF2 interaction leading to the induction of NF-
5B requires recruitment of NOD1-RIP2 or NOD2-
RIP2 and ligand-independent activation of the latter
innate immune factors.77) Thus, atypical activation
of NOD1 (and NOD2) plays important roles in the
ER stress-induced inflammatory responses.

NOD1 and Helicobacter pylori infection

Activation of NOD1 by H. pylori. Persistent
gastric infection of H. pylori causes a wide variety of
human upper GI tract disorders including chronic
gastritis, peptic ulcers, mucosa-associated lymphoid
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tissue lymphoma, and gastric cancer.78) H. pylori
organisms are classified into two strains of differing
pathogenicity conferred by the expression of cyto-
toxin-associated gene A (CagA), a virulence protein
encoded by the cagA gene. The cagA gene is one of the
28–30 genes comprising the cag pathogenicity island
that together provide the proteins necessary for the
expression of a syringe needle-like structure known
as the type IV section system (T4SS) that allows
efficient H. pylori injection of toxins and bacterial
cell wall components into gastric epithelial cells.78),79)

Viala et al. provided the first evidence that
intracellular NOD1 in gastric epithelial cells detects
NOD1 ligand derived from H. pylori PGN and that
such detection has host defense implications.9) These
authors showed first that such detection was CagA-
dependent since H. pylori expressing a functional
T4SS but not a non-functional T4SS, activated
NOD1 as assessed by reporter gene assays. They
then showed that NOD1-deficient mice exhibit in-
creased bacterial burdens of T4SS-bearing H. pylori
organisms as compared with NOD1-intact mice upon
acute infection with these organisms.9)

Whereas CagA injection of PGN into cells may
be the primary mechanism of intra-cellular entry of
NOD1 ligand as suggested by Viala et al., NOD1
ligand may also gain entry into the cell in a T4SS-
independent fashion via H. pylori-derived OMVs.
As indicated above, the latter are cell membrane
structures released from cells and containing cell
contents (such as H. pylori PGN) that can be
transported across the cell membrane by lipid
rafts.80) This mechanism of PGN-NOD1 ligand entry
has also been shown to have host defense implications
in that it results in NOD1-dependent NF-5B
activation and pro-inflammatory chemokine re-
sponses.80) Recently, Irving et al. elucidated the
molecular mechanism accounting for NOD1-mediated
detection of H. pylori-derived NOD1 ligand via
OMV-transmembrane transport.17) They reported
that upon entry into the cell, OMVs derived from
H. pylori induces autophagosome formation in a
NOD1 and RIP2-dependent manner and that OMV
and their contained PGN then co-localize with both
NOD1 and RIP2 in early endosomes.17) Thus, these
results suggest that H. pylori-derived OMVs are
internalized and digested into PGN fragments by
formation of autophagosomes and that sensing of
PGN by NOD1 is achieved in the early endosomes.

NOD1-mediated mucosal host defense
against H. pylori (Figure 2 and Table 1). Host
defense elicited by persistent gastric infection of

H. pylori is mediated, at least in part, by a strong
Th1 immune response since it has been shown that
such responses are necessary to obtain reductions in
the gastric bacterial load81),82) and to correlate with
vaccine-induced reductions of H. pylori coloniza-
tion.83) Whether these adaptive host defense re-
sponses are accompanied or enhanced by innate
TLRs-induced immune responses, is uncertain since
the stimulatory activity of TLR4 by lipopolysaccha-
ride (LPS) isolated from H. pylori is much weaker
than that from Escherichia coli or Salmonella
typhimurium and H. pylori flagellin has little ability
to stimulate TLR5 responses.84),85)

On the other hand, studies by Viala et al.
mentioned above have provided evidence that innate
responses, in this case mediated by NOD1, do have
a major role in host defense against H. pylori. This
consists of the fact that NOD1-deficient mice are
both susceptible to gastric infection with H. pylori
and, in addition, exhibit increased gastric bacterial
burden upon such infection.9),10) One question arising
from this observation is if and how activation of an
innate NOD1 response might generate an adaptive
Th1 response against H. pylori. In studies addressing
this question and already discussed above in the
section of NOD1 signaling pathways, Watanabe
et al. showed that stimulation of gastric epithelial
cells by NOD1 ligand induces a robust production of
IFN-O and that such type I IFN production leads
to a marked production of Th1 chemokines such as
CXCL9, CXCL10, and CXCL11.10) This suggested
that NOD1 activation in gastric epithelial cells
triggers adaptive Th1 responses against H. pylori
via its capacity to induce type I IFN production.
In vivo support of this conclusion came from studies
showing that acute gastric infection of H. pylori up-
regulates expression of IFN-., IFN-O, and CXCL10
in the gastric mucosa of NOD1-intact mice and
that mice that are deficient in NOD1 or type I
IFN receptor expression exhibit increased bacterial
burden following oral challenge with H. pylori as
compared with NOD1-intact or type I IFN receptor-
intact mice.10)

The role of epithelial cells in NOD1 induction
of Th1 responses during H. pylori infection discussed
above is highlighted by the fact that CXCL10
produced by such cells attracts CXCR3-expressing
Th1 cells66)–68) and that expression of CXCL10 is
in fact observed in the stomach of patients with
H. pylori infection.86) Furthermore, since the major
Th1 cytokine, IFN-., up-regulates NOD1 expres-
sion,10),41) adaptive Th1 cells producing IFN-. may
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Fig. 2. Involvement of NOD1 in mucosal host defense against Helicobacter pylori infection. Nucleotide-binding oligomerization domain 1
(NOD1) expressed in gastric epithelial cells detects peptidoglycan (PGN) or outer membrane vesicles (OMVs) derived from
Helicobacter pylori (H. pylori). Sensing of PGN or OMV by NOD1 causes nuclear translocation of nuclear factor-5B (NF-5B)
subunits to induce production of C-X-C motif chemokine ligand 8 (CXCL8) and anti-microbial peptides. Sensing of PGN by NOD1
causes nuclear translocation of interferon regulatory factor 7 (IRF7) through activation of TNF receptor associated factor 3 (TRAF3)
to induce production of IFN-O. Production of IFN-O causes activation of interferon stimulated gene factor 3 (ISGF3), a heterotrimer
composed of signal transduction and activator of transcription 1 (Stat1), Stat2, and IRF9 to induce production of T helper type 1
(Th1) chemokines such as CXCL9, CXCL10, and CXCL11.

Table 1. NOD1 activation and gastrointestinal disorders

NOD1-trigerring factors NOD1-expressing cells
Responses induced by

NOD1 activation
Outcome

H. pylori-associated

gastritis

Type IV secretion system,

OMV transport
Gastric epithelial cells

AMP "
CXCL8 "
CXCL10 "

Type I IFN "

Protection against

infection

H. pylori-associated

gastric cancer

Type IV secretion system,

OMV transport
Gastric epithelial cells CDX2 # Cancer development

inhibition

Acute pancreatitis Bacterial translocation Pancreatic acinar cells
CCL2 "

Type I IFN "
Induction of acute

pancreatitis

Chronic pancreatitis Bacterial translocation Pancreatic acinar cells

Type I IFN "
CCL2 "
IL-33 "

Induction of chronic

pancreatitis
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activate innate immune responses through their
effect on epithelial expression of NOD1, correlating
with the fact that significantly increased expression
of NOD1, IFN-., and CXCL10 has been seen in
human gastric biopsies displaying severe H. pylori-
related gastritis as compared with those displaying
mild gastritis.87) Taken together, these findings
suggest the existence of a positive feedback loop
between NOD1 responses of epithelial cells and Th1
responses of lymphoid cells.

As mentioned above, the RIP2-TRAF3-TBK1-
IKKC-IRF7 axis leading to signaling via the type I
IFN receptor and activation of ISGF3 plays a major
role in NOD1 induction of type I IFN responses in
gastric epithelial cells.10) Thus, NOD1 activation of
CXCL9, CXCL10, and CXCL11 transcription via
type I IFN requires nuclear translocation of ISGF3,
a complex composed of Stat1, Stat2, and IRF9.10) On
this basis Watanabe et al. examined the activation
status of ISGF3 components in the gastric mucosa of
mice challenged with H. pylori and found that Stat1
and Stat2 activation was enhanced in the gastric
mucosa of NOD1-intact mice whereas no such
activation was observed in NOD1-deficient mice.10)

Furthermore, NOD1-intact mice treated with Stat1-
specific siRNA exhibited increased bacterial burden
of H. pylori in the stomach with diminished produc-
tion of CXCL10 and IFN-..10) Thus, it was evident
that NOD1 induction of type I IFN in epithelial cells
does require activation of ISGF3.

Interestingly, although NF-5B activation is a
major outcome of NOD1-mediated signaling, NOD1-
mediated mucosal host defense against acute infec-
tion with H. pylori does not depend on NF-5B
activation. This became apparent from the fact that
treatment of H. pylori-challenged mice with NF-5B
decoy oligonucleotides did not reduce the gastric
expression of Th1 chemokines as compared with
mice treated with control scrambled oligonucleotides,
although treatment with NF-5B decoy oligonucleo-
tides did lead to a marked reduction in the expression
of NF-5B-related genes such as TNF and CXCL2.10)

Thus, NOD1 mediates mucosal host defense against
H. pylori through the type I IFN-ISGF3 pathway
rather than the NF-5B pathway. In line with this
conclusion, Hirata et al. showed that activation of
NF-5B induced by infection with H. pylori does not
depend upon NOD1.88)

Detection of H. pylori-derived PGN by NOD1 in
gastric epithelial cells induces other anti-microbial
responses in addition to those involving type I IFN
described above. Thus, H. pylori infection of gastric

epithelial cells causes IL-8 production via NOD1-
dependent MAPK activation and thereby leads to
the migration of neutrophils into the gastric muco-
sa.89) In addition, NOD1 causes epithelial cell release
of AMPs capable of direct killing of H. pylori
organisms.33) It is therefore obvious that NOD1
utilizes various pathways to protect the hosts from
gastric infection with H. pylori.

NOD1 activation and gastric cancer
(Figure 3 and Table 1). Chronic infection of the
gastric mucosa with H. pylori is the strongest known
risk factor for the development of gastric carcino-
genesis.78) This is most likely related to the fact that
chronic immune stimulation of the mucosal immune
system creates a local milieu that supports malignant

NOD1

NF-κB

TRAF3

CDX2 Expression
Intestinal Metaplasia

Gastric Carcinogenesis

H. pylori

PGN

Fig. 3. Involvement of NOD1 in gastric carcinogenesis associated
with Helicobacter pylori infection. Nucleotide-binding oligome-
rization domain 1 (NOD1) expressed in gastric epithelial cells
detects peptidoglycan (PGN) derived from Helicobacter pylori
(H. pylori). Exposure to H. pylori in gastric epithelial cells
causes nuclear translocation of nuclear factor-5B (NF-5B)
subunits to induce expression of caudal-type homeobox protein
2 (CDX2), a critical factor for intestinal metaplasia and gastric
carcinogenesis. This induction of CDX2 expression is negatively
regulated by activation of NOD1-TNF receptor associated factor
3 (TRAF3) pathways.
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transformation of epithelial cells such as the induc-
tion of cytokines that induce transformation of cells
with up-regulated oncogenes; however, it is also
possible that immune responses can protect against
malignant transformation. As described above,
NOD1 is a major innate immune sensor of H. pylori
infection and is therefore likely to be involved in the
development of H. pylori-associated gastric cancer,
either as positive or negative factor. Indeed, Suarez
et al. performed expression analysis of NOD1 in the
human gastric cancer mucosa and non-cancer muco-
sa90) and found that epithelial staining intensity of
NOD1 was much lower in gastric cancer mucosa as
compared with non-cancer mucosa, suggesting that
that in this case, an innate immune response is
serving to protect against the development of gastric
cancer.90)

Caudal-type homeobox protein 2 (Cdx2) is a
gastric epithelial cell-derived trans-differentiation
factor that plays a pivotal but as yet poorly under-
stood role in the development of “intestinal type”
gastric adenocarcinoma; as such its expression serves
as a harbinger of eventual development of gastric
malignancy.91) Thus, as expected, expression of Cdx2
was significantly higher in human gastric cancer
mucosa than in non-cancerous mucosa. Asano et al.,
explored the possibility that NOD1 was affecting
malignant transformation via an effect on Cdx2 ex-
pression and conducted extensive studies elucidating
the molecular mechanisms governing the relation of
NOD1 signaling and Cdx2 expression.11) They found
that Cdx2 expression in epithelial cell lines is induced
by infection with H. pylori and that such expression
is dependent on NF-5B activation. Unexpectedly,
they also found that activation of NOD1 negatively
regulates H. pylori-induced Cdx2 expression since
siRNA-mediated knockdown of NOD1 markedly en-
hanced Cdx2 expression upon exposure to H. pylori.
In line with previous findings discussed above
showing that NOD1/RIP2-mediated TRAF3 activa-
tion triggers type I IFN responses rather than NF-
5B-related responses,10) Cdx2 expression induced by
exposure to H. pylori was markedly reduced in gastric
cancer cells overexpressing TRAF3. They thus
concluded that the unique ability of NOD1-activated
RIP2 to interact with TRAF3 leads to down-
regulation of NF-5B support of Cdx2 expression.

In related studies, Asano et al. provide in vivo
data that support the in vitro findings described
above.11) First, they found that the frequency of
goblet cells, highly indicative of pre-cancerous
intestinal metaplasia, was more evident in the gastric

mucosa of NOD1-deficient mice 12 months after
infection with H. pylori than in NOD1-intact mice.
Moreover, gastric tissues of NOD1-deficient mice
with prolonged H. pylori infection exhibited higher
levels of Cdx2 expression and lower levels of TRAF3
expression than those of NOD1-intact mice. More-
over, nuclear translocation of NF-5B subunit p65 was
enhanced in the gastric tissues of NOD1-deficient
mice with prolonged H. pylori infection as compared
with those of NOD1-intact mice. These in vivo
studies thus again suggest that NOD1 activation
of TRAF3 and the latter’s inhibition of NF-5B
activation suppress gastric carcinogenesis induced by
prolonged H. pylori infection. It should be noted that
this conclusion meshes quite well with the role of
NOD1 as a host defense factor in protection against
H. pylori infection since in both cases NOD1 is
operating via a TRAF3-mediated signaling pathway
that favors type I IFN responses rather than NF-5B
responses.

NOD1 and pancreatitis

Trypsinogen activation and pancreatitis.
Pancreatitis is one of the major inflammatory
disorders of the GI tract and as such has been
subjected to considerable research probing its patho-
genesis.92),93) Nevertheless, it remains poorly under-
stood, particularly with respect to the possible con-
tribution of causative immunologic factors. Recently,
it has been discovered that NOD1 plays a major
pathogenic role in pancreatitis and will be the focus
of this analysis of pancreatitis pathogenesis.14)

It is useful to discuss the acute and chronic forms
of pancreatitis separately because, while these types
of pancreatitis share underlying features, they also
have specific manifestations. Acute pancreatitis is
defined as sudden inflammation of the exocrine
pancreas occurring in a previously normal pancreas
and that may undergo resolution without causing
permanent pancreatic damage. Chronic pancreatitis
is a persistent inflammation of the pancreas usually
punctuated by acute exacerbations and occurring in
a pancreas that bears the marks of previous episodes
of inflammation.14),94),95)

An underlying feature of both acute and chronic
pancreatitis is dysfunction in the management of
potentially corrosive digestive enzymes that are
secreted by the pancreas into the intestine and are
necessary for normal digestion. In the normal state
these enzymes are synthesized in pancreatic acinar
cells as inactive pro-enzymes (such as trypsinogen)
and are maintained in this state until activated by
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enterokinase upon entry into the gut lumen.96),97) It is
widely believed that pancreatitis is initiated by
genetic or environmental factors (the latter including
excessive alcohol intake or intake of high fat foods)
that cause inappropriate intra-pancreatic activation
of pancreatic digestive enzymes, especially trypsino-
gen, and this is followed by auto-digestion of
pancreatic tissue and inflammation.96),97)

Strong support of this “trypsin-centered” theory
of pancreatitis pathogenesis comes from studies of
hereditary pancreatitis in humans.98) In these studies
it was found that various pancreatitis-associated
mutations of PRSS1 gene (the gene encoding the
main form of trypsinogen, cationic trypsinogen) lead
to a form of trypsinogen that is subject to inappro-
priate activation or to resistance to intra-cellular
degradation after inadvertently activation.98) In
addition, various mutations of the pancreatitis-
associated gene, serine protease inhibitor, Kazal
type I (SPINK1) gene (the gene encoding an
inhibitor of activated trypsin) impairs negative
regulation of trypsinogen activation occurring in
acinar cells.98) Thus, these genetic studies as well
as studies of experimental pancreatitis in mice14),98)

bolster the concept that inappropriate trypsinogen
activation followed by auto-digestion initiates and
sustains inflammatory responses of the pancreas.

The trypsin-centered theory of pancreatitis has
recently been challenged by an extensive analysis of
T7 trypsinogen-depleted mice, i.e., mice that do not
synthesize the murine form of trypsin thought to be
equivalent to human inflammation-inducing cationic
trypsin mentioned above.99)–101) Mice deficient in T7
trypsinogen exhibit a marked reduction in activation
of trypsinogen but nevertheless exhibit comparable
levels of acute and chronic experimental pancreatitis
induced by repeated injections of cerulein, a chol-
ecystokinin receptor (CCKR) agonist as observed in
wild type mice.99),100) These results thus suggested
that experimental pancreatitis can occur independ-
ently of trypsinogen activation and that pathogenesis
of pancreatitis cannot be explained by the trypsin-
centered theory alone. It should be noted, however,
that these studies do not rule out the possibility that
in vivo, potentially inflammatory trypsinogen may
not consist of T7 trypsinogen alone and that T7
trypsinogen depletion leaves intact other isoforms of
trypsinogen that could still be mediating pancreatitis.
On this basis, the most reasonable interpretation of
studies on the role of trypsinogen activation as an
initiator and sustainer of pancreatitis is that such
activation is necessary but not sufficient as a cause

of pancreatitis and that other presumably immune-
related causes must be operative as well.

NOD1 activation and acute pancreatitis
(Figure 4 and Table 1). Although in most patients
acute pancreatitis is a self-limited inflammation in
some patients a severe form of acute pancreatitis
occurs that be associated with systemic manifesta-
tions of infection.95) Ultimately it was found that this
clinical outcome was the result of bacterial coloniza-
tion of the inflamed pancreas followed by infection of
necrotic pancreatic tissue.95) Thus, such cases pro-
vided initial clinical evidence that pancreatitis is
associated with disruption of the intestinal barrier
followed by entry of intestinal microflora into the cir-
culation and colonization of the pancreas.12),102)–107)

This was more definitively examined in studies of
experimental pancreatitis wherein it was formally
shown that mice with pancreatitis have increased
bowel permeability and that particles with the
size of bacteria have been translocated into the
pancreas.102)–107) Studies in humans of the types of
organisms that enter the circulation by Li et al. using
16S rRNA based technology revealed that a broad
range of bacteria are detected in the circulation of
about 70% of patients; these bacteria were similar to
commensal organisms in the GI tract and the latter
were presumed to be their origin; however, in some
cases the organisms were pathogens, perhaps ac-
counting for the more severe cases of pancreatitis
mentioned above.108) Of interest, bowel sterilization
with a broad range of antibiotics effectively prevented
the development of experimental pancreatitis; this
finding suggested that translocated organisms play a
significant role in pancreatitis pathogenesis.12),105)–107)

In initial studies designed to clarify the immune
responses against intestinal microflora that might be
playing a role in acute pancreatitis Watanabe and his
colleagues subjected mice deficient in various innate
immune receptors to experimental pancreatitis in-
duced by repeated administration of relatively high
doses of cerulein (50 µg/kg), the latter an agent that
causes pancreatitis via excessive stimulation of the
CCKR.12) They found that TLR2 and TLR9 deficient
mice exhibited levels of pancreatitis equivalent to
that in wild type mice and that TLR4-deficient mice,
(that cannot respond to LPS) exhibited somewhat
less pancreatitis than wild type mice. However, quite
surprisingly, mice deficient in NOD1 were completely
resistant to the development of cerulein-induced
pancreatitis, indicating that innate recognition of
NOD1 ligand derived from gut bacteria plays a major
role in the development of pancreatitis. A central
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question raised by this observation as well as the
relation of pancreatitis to bacterial translocation
discussed above, is why gut bacteria enter the
circulation during acute pancreatitis. The most likely
answer to this question is that pancreatic inflamma-
tion initially arising from trypsin activation sets in
motion the intra-pancreatic activation of innate
immune receptors that recognize damage-associated
molecular patterns (DAMPs) released from dying
pancreatic cells and then stimulate the production of
a set of cytokines that change gut permeability and
mediate bacterial translocation.109)–111)

To further define the role of NOD1 in the
development of acute pancreatitis, Watanabe et al.,

established a new model of acute pancreatitis induced
by simultaneous and repeated administration of low
doses of cerulein (20 µg/kg) and FK156, an activator
of NOD1 that mimics the effect of gut bacteria that
have breached the mucosal barrier. The value of this
method of inducing pancreatitis resided in the fact
that whereas administration of low doses of cerulein
alone or NOD1 ligand alone did not induce pancrea-
titis, the simultaneous administration of these agents
does induce pancreatitis; thus this model enables
one to analyze the separate molecular mechanisms of
inflammation induced by each of the agents causing
pancreatitis.12)

NOD1

NF-κB IRF7

TRAF3
Type I IFN

Responses 

IFN-β

PGN

Type I IFN 
Receptor

CCKR

Bacterial 
Translocation

Alcohol
High Fat Food

RIP2

TAK1

PKC

CCKR

Stat3

CCL2 Production 

Acute Pancreatitis

Alcohol
High Fat Food

Fig. 4. Involvement of NOD1 in acute pancreatitis. Excessive drinking of alcohol and intake of high fat foods cause cholecystokinin
receptor (CCKR) signaling pathways to induce intra-acinar activation of trypsinogen. Nucleotide-binding oligomerization domain 1
(NOD1) expressed in pancreatic acinar cells detects peptidoglycan (PGN) derived from intestinal microflora translocated into the
pancreas. CCKR-mediated signaling pathway causes nuclear translocation of nuclear factor-5B (NF-5B) subunits through the
interaction between protein kinase C (PKC) and TGF-O-activated kinase 1 (TAK1). NOD1-mediated signaling pathway causes
nuclear translocation of NF-5B subunits through the interaction between receptor interacting protein 2 (RIP2) and TAK1.
Synergistic activation of NF-5B is achieved by simultaneous activation of CCKR and NOD1. Sensing of PGN by NOD1 causes
nuclear translocation of interferon regulatory factor 7 (IRF7) through activation of TNF receptor associated factor 3 (TRAF3) to
induce production of IFN-O. Production of IFN-O induced by NOD1 activation acts together with CCKR activation to induce optimal
activation of signal transduction and activator of transcription 3 (Stat3). Simultaneous activation of NOD1 and CCKR leads to a
robust production of C-C motif chemokine ligand 2 (CCL2) by pancreatic acinar cells through activation of NF-5B and Stat3, which
mediates migration of inflammatory myeloid cells into the pancreas.
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In initial studies utilizing this model, Watanabe
et al. conducted bone marrow transplantation stud-
ies to determine the type of cells expressing NOD1 in
the development of pancreatitis.12) They found that
one could successfully induce acute pancreatitis in
X-irradiated NOD1-intact mice transplanted with
NOD1-deficient hematopoietic cells, but not in X-
irradiated NOD1-deficient mice transplanted with
NOD1-intact hematopoietic cells.12) These results
strongly suggest NOD1 must be expressed in non-
hematopoietic cells, most likely pancreatic acinar
cells, to support pancreatitis development.

In related studies they determined the chemo-
kines responsible for development of pancreatitis in
this new model of pancreatitis. Here they found
that simultaneous activation of NOD1 and cerulein
stimulation of the CCKR led to robust production
of C-C motif chemokine ligand 2 (CCL2) by pan-
creatic acinar cells and that mice deficient in C-C
chemokine receptor type 2 (CCR2) did not develop
pancreatitis.12) Thus, CCL2 produced by pancreatic
acinar cells emerged as the key pathogenic chemokine
in the development of acute pancreatitis induced by
simultaneous activation of NOD1 and CCKR.

Finally, Watanabe et al. took advantage of the
low dose cerulein-NOD1 ligand model of experimen-
tal acute pancreatitis described above to analyze the
separate and synergistic acinar cell signaling induced
by simultaneous NOD1 ligand and low dose cerulein
stimulation characterizing the induction of pancrea-
titis. First, they found that both CCKR stimulation
by cerulein and NOD1 signaling by NOD1 ligand was
necessary for the activation of NF-5B, the single
most important factor in the downstream pathway of
pancreatic inflammation. Thus, whereas stimulation
of CCKR by low dose cerulein induces protein kinase
C (PKC) and TAK1 activation as in previous
studies,112) the level of such activation by low dose
cerulein alone is not sufficient to induce activation of
NF-5B; likewise, NOD1 activation of RIP2 also is not
sufficient to induce activation of NF-5B. In contrast,
simultaneous activation of these pathways by NOD1
ligand and low dose cerulein administered together
led to a level of TAK1 activation that was now
sufficient to induce activation of NF-5B. This finding
is seemingly at odds with the observation alluded
to above that high dose cerulein administration is
able to induce pancreatitis in the apparent absence
of NOD1 ligand. However, this latter observation is
more apparent than real, since high dose cerulein
is able to induce a sufficient level of inflammation
in the pancreas (via trypsin activation?) to cause

translocation of gut bacteria into the circulation
and thus stimulation of acinar cells by bacterial
NOD1; thus even high dose cerulein requires NOD1
activation, as confirmed by the observation already
discussed that high dose cerulein does not induce
pancreatitis in the sterilized mouse.

A second set of insights derived from the low
dose cerulein-NOD1 ligand pancreatitis model was
that synergistic stimulation by NOD1 ligand and
cerulein is also necessary for the optimal generation
of Stat3, a signaling component necessary for the up-
regulation of CCL2 expression, the critically impor-
tant chemokine necessary for the pancreatic influx of
inflammatory macrophages. As noted in previous
studies, stimulation of CCKR by cerulein results in
the induction of Stat3 activation.113) However, such
induction is greatly enhanced by type I IFN induced
by NOD1 signaling and thus simultaneous activation
of NOD1 and CCKR induces synergistic and optimal,
activation of Stat3 in pancreatic acinar cells. In
addition, in line with the fact that the expression
of CCL2 requires transactivation of NF-5B and
Stat3,114) synergistic activation of NF-5B and Stat3
induced by simultaneous injections with low doses of
cerulein and NOD1 ligand is responsible for a robust
production of CCL2 by pancreatic acinar cells.

Taken together, the model of experimental acute
pancreatitis induced by low dose cerulein and NOD1
ligand provides a rich trove of new insights into the
immuno-pathogenesis of pancreatitis that is likely
to apply to human pancreatitis. Perhaps the most
important of these is the increased recognition
that bacteria entering the circulation as a result of
DAMPs release in the pancreas and then stimulation
of acinar cells via NOD1 are an essential feature of
acute pancreatitis pathogenesis.

NOD1 activation and chronic pancreatitis
(Figure 5 and Table 1). The model of acute
pancreatitis described above to investigate the
immunologic factors in the pathogenesis of pancrea-
titis was subsequently used as template by Watanabe
et al., as a way to develop a model of chronic
pancreatitis. In this chronic model, mice were again
administered repeated doses of NOD1 ligand and low
doses of cerulein, but in this case this regimen was
maintained for a longer period of time. The chronic
pancreatitis that ensued was characterized by a
massive infiltration of immune cells and the appear-
ance of a characteristic feature of chronic pancreati-
tis, intense fibrosis and reduction in functional
pancreatic parenchymal mass.13) As in the acute
pancreatitis model, NOD1 expressed in pancreatic
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acinar cells played an indispensable role in the
chronic pancreatitis model as shown in studies of
chimeric mice: X-irradiated NOD1-intact mice trans-
planted with NOD1-deficient hematopoietic cells
were susceptible to chronic pancreatitis whereas X-
irradiated NOD1-deficient mice transplanted with
NOD1-intact hematopoietic cells were resistant to
chronic pancreatitis. In addition, type I IFN re-
sponses were, as in the acute model, again shown to
be essential for the development of pancreatitis as
shown by the fact that type I IFN receptor-deficient
mice were resistant to the development of chronic
pancreatitis. The role of type I IFN in the induction
of chronic pancreatitis is related to its capacity to
elicit Stat3 activation and CCL2 expression neces-
sary for the influx of the inflammatory macrophages
that mediate the pancreatic inflammation (as briefly
alluded to above in the discussion of acute pancre-
atitis). In addition, studies of the chronic model
disclosed that type I IFN plays a key role in the

macrophage TNF-, production, the cytokine most
responsible for acinar cell death. Thus, in these
studies it was shown that pancreatic acinar cells
derived from the inflamed pancreas and co-cultured
with CD11bD macrophages release increased amounts
of IL-33.13),14) Moreover, it was shown that such IL-
33 secretion was inhibited by type I IFN receptor Ab
or anti-TNF-, Ab, agents that block macrophage
TNF-, production and acinar cell IL-33 production,
respectively.13),14)

In further studies of the chronic pancreatitis
model, pancreatic lysates obtained from inflamed
pancreas were analyzed to characterize the cytokine
and chemokine responses accompanying the chronic
pancreatic inflammation. As expected, these studies
disclosed that a number of prototypical pro-inflam-
matory factors are produced in the chronic pancre-
atic tissue including TNF-,, IL-6, IFN-., and IFN-O
among the cytokines and CCL2, CXCL9 and
CXCL10 among the chemokines. In addition, the
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Translocation
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Stat3

CCL2 Production 

Myeloid Cells
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IFN-β

IL-6

NF-κB

Stat3

IL-33

Chronic Pancreatitis

Fig. 5. Involvement of NOD1 in chronic pancreatitis. Simultaneous activation of nucleotide-binding oligimerization domain 1 (NOD1)
and cholecystokinin receptor (CCKR) leads to a robust production of C-C motif chemokine ligand 2 (CCL2) through activation of
nuclear factor-5B (NF-5B) and signal transduction and activator of transcription 3 (Stat3), which mediates migration of C-C
chemokine receptor type 2 (CCR2)-expressing inflammatory myeloid cells into the pancreas. CCR2-expressing inflammatory myeloid
cells produce pro-inflammatory cytokines such as TNF-, and IL-6. TNF-, and IFN-O produced by myeloid cells and pancreatic acinar
cells, respectively, lead to a robust production of IL-33. IL-33 mediates chronic fibro-inflammatory responses of the pancreas.
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chronic pancreatitis was accompanied by secretion of
several pro-fibrogenic cytokines such as IL-33, IL-13,
and TGF-O1.115)–117) Thus, chronic and simultaneous
activation of NOD1 and CCKR enhances production
of cytokines and chemokines that mediate both pro-
inflammatory and pro-fibrogenic responses.13),14)

Given the importance of pancreatic fibrosis in
shaping the character of chronic pancreatitis, the
chronic model was also used to define the mecha-
nisms of fibrosis development in chronic pancreatitis.
Perhaps the most important finding here was the fact
that neutralization of IL-33 signaling by blockade of
the IL-33 receptor with anti-ST2 Ab inhibited both
inflammatory and fibrogenic responses due to accom-
panying reduction in the IL33-induced expression of
TNF-,, CCL2, IL-13, and TGF-O1. As noted above,
IL-33 production by acinar cells is increased upon co-
culture with pancreatic myeloid cells (macrophages)
that are being stimulated by type I IFN, strongly
suggesting that such myeloid cells produce TNF-,
that induces IL-33 production by acinar cells.118)

Thus, the fibrosis of chronic pancreatitis has its
origin in the inflammatory effect of macrophages on
acinar cells. Finally, it is important to emphasize that
IL-33 induction of fibrosis is directly correlated with
its induction of IL-13, a cytokine that plays a critical
role in tissue fibrogenesis generally115),116) as well as
in the chronic pancreatitis model studied. The latter
was established by studies showing that neutraliza-
tion of IL-13 (by administration of anti-IL-13 Ab)
protected mice from the development of fibrosis and
that such neutralization was accompanied by re-
duced pancreatic expression of TGF-O1, a major
effector of fibrosis but not CCL2 and IFN-O, major
pro-inflammatory factors.13) Interestingly, the IL-13
induced by IL-33 was produced by CD4D T cells
inasmuch as T cell-deficient mice are resistant to the
development of chronic pancreatitis.13)

Concluding remarks

This review of NOD1 function discloses that this
NLR-type innate intra-cellular sensor of PGN pep-
tides mediates a wide array of immunologic functions
affecting host defense including activation of the
NF-5B and MAPK responses as well as induction of
the type I IFN response. As such, NOD1 plays a
surprisingly important role in several inflammatory
diseases of the GI tract including H. pylori infection
of the gastric mucosa and in both acute and chronic
pancreatitis. Thus, in H. pylori infection NOD1 is
essential in the induction of protective type I IFN
responses and activation of the ISGF3 signaling

pathway. In addition, NOD1 inhibits gastric carcino-
genesis through negative regulation of Cdx2 expres-
sion. Finally, in pancreatitis responses to trans-
located bacteria by NOD1 expressed by acinar cells
are responsible both for the influx of inflammatory
macrophages and for the acinar cell-destructive effect
of TNF-, leading to the expression of IL-33 and
pancreatic fibrosis. These newly defined roles of
NOD1 in GI inflammation call attention to the
possibility that manipulation of NOD1 function can
be the focus of new forms of therapy.
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polyglycolic acid sheets with fibrin glue with or without 
TA injection, may be useful to avoid postoperative stric-
ture.

  Gastric cancer is the third leading cause of cancer-re-
lated deaths worldwide. Geographically, gastric cancer is 
very common in East Asia, where the prevalence rate of 
 Helicobacter pylori  infection is high. Chronic gastric in-
fection due to  H. pylori  initially causes chronic active gas-
tritis, which can then lead to the development of peptic 
ulcers, atrophic gastritis, and gastric cancer. A protective 
effect against gastric cancer has been reported to persist 
for more than 10 years after  H. pylori  eradication. There-
fore,  H. pylori  can be considered one of the most impor-
tant causes of gastric cancer.  H. pylori -associated gastric 
cancer is one of the best examples of inflammation-relat-
ed cancer. Therefore, it is clear that eradication of  H. py-
lori  reduces the risk for gastric cancer even in the presence 
of severe gastric atrophy and intestinal metaplasia. Thus, 
 H. pylori  eradication is the most effective strategy for the 
prevention of gastric cancer. Adachi et al.  [2]  attempted 
to determine whether metronidazole (MNZ)-based triple 
therapy is superior to clarithromycin (CAM)-based triple 
therapy as a first-line eradication treatment for  H. pylori . 
They found that MNZ-based triple therapy containing 
esomeprazole and amoxicillin (AMPC) is superior to 
clarithromycin (CAM)-based triple therapy containing 
esomeprazole and AMPC as a first-line eradication treat-
ment against  H. pylori .

 The first Kindai International Symposium on Gastro-
intestinal Cancer (KISGIC) was held on July 8, 2017 in 
Osaka, Japan. The main theme of this symposium was: 
“New paradigm in gastrointestinal cancer treatment.” 
This symposium focused on recent progress on upper 
gastrointestinal cancer, lower intestinal cancer, pancrea-
tobiliary cancer, and liver cancer.

  Endoscopic submucosal dissection (ESD) has been 
widely used in the resection of superficial esophageal can-
cers. Since its use has been extended to cases involving 
large esophageal tumors occupying nearly the whole lu-
men or the whole circumference of the lumen, the occur-
rence of esophageal stricture has increased. Although en-
doscopic injection of triamcinolone (TA) is widely used 
for the prevention of postoperative stricture, a significant 
number of patients still develop stricture after TA injec-
tion therapy. Okamoto et al.  [1]  performed a retrospec-
tive review of the data from 57 patients treated with near- 
or whole-circumferential ESD and with TA injection. 
They found that an extensive circumferential mucosal de-
fect (covering more than 75% of the circumference) was 
associated with a high risk of developing postoperative 
esophageal stricture, even after preventive injection of 
TA. Authors concluded that endoscopic TA injection is 
not sufficient for the prevention of esophageal stricture in 
patients bearing a mucosal defect covering more than 
seven-eighths of the circumference after ESD. In such 
cases, alternative strategies, including the application of 

 Published online: December 20, 2017 

 Prof. Masatoshi Kudo 
 Department of Gastroenterology and Hepatology 
 Kindai University Faculty of Medicine, 377-2, Ohno-Higashi 
 Osaka-Sayama, Osaka 589-8511 (Japan) 
 E-Mail m-kudo   @   med.kindai.ac.jp 

 © 2017 S. Karger AG, Basel 

 www.karger.com/ocl 

－769－



 Kudo

 

Oncology 2017;93(suppl 1):1–8
DOI: 10.1159/000481222

2

  Colorectal cancer is one of the most common fatal ma-
lignancies worldwide. Inflammatory bowel disease (IBD), 
comprising ulcerative colitis and Crohn’s disease, is 
thought to result from aberrant activation of the intesti-
nal immune system and is a major risk factor for colorec-
tal cancer, so-called colitis-associated cancer. Cancer 
stem cells, the microenvironment, and the immune sys-
tem interact with each other through cytokines. In the 
context of chronic inflammation, immune responses 
would affect proliferation of stem cells and increase the 
expression of stem cell markers. The expression of stress 
response proteins and gankyrin that functionally link 
chronic inflammation and tumorigenesis in IBD is sig-
nificantly correlated with that of a stem cell marker Bmi1. 
In mice, Bmi1 is required for intestinal tumorigenesis. 
Yamada et al.  [3]  found a significant association between 
Bmi1 expression and chronic inflammation in IBD pa-
tients. Their study represents the first report of the ex-
pression of Bmi1 in inflammation-associated colorectal 
cancer that is associated with refractory clinical course. 
Therefore, Bmi1 might be involved in the mechanistic 
connection between chronic inflammation and tumori-
genesis in IBD.

  Sakurai et al.  [4]  reported prophylactic suturing clo-
sure of mucosal defects after endoscopic resection of 
colorectal tumors in patients at a high risk of bleeding 
after ESD, who receive anti-thrombotics or anti-platelet 
agents.

  Computer-aided diagnosis (CAD) is becoming a next-
generation tool for the diagnosis of human disease. The 
CAD of colon polyps has been reported previously. Pre-
vious studies have reported the usefulness of CAD for 
colon polyps. The higher rate of correct diagnoses using 
a CAD system suggests the potential for this diagnostic 
tool to improve the quality of colonoscopic examina-
tions. In addition to conventional CAD, a convolutional 
neural network (CNN) system utilizing artificial intelli-
gence has been developing rapidly over the past 5 years. 
Komeda et al.  [5]  attempted to generate a unique CNN-
CAD system with an amoxicillin (AMPC) function that 
studied endoscopic images extracted from movies ob-
tained with colonoscopes used in routine examinations. 
They found that the accuracy of the 10-fold cross-valida-
tion is 0.751, where the accuracy is the ratio of the num-
ber of correct answers over the number of all the answers 
produced by the CNN and the decisions by the CNN 
were correct in 7 of 10 cases. Therefore, they concluded 
that a CNN-CAD system using routine colonoscopy 
might be useful for the rapid diagnosis of colorectal pol-
yp classification.

  Colonoscopic removal of adenomatous polyps or ear-
ly cancer prevents death from colorectal cancer. ESD, 
which enables endoscopists to perform en bloc resection 
of flat or depressed colorectal tumors larger than 20 mm, 
has recently been introduced and become a standard pro-
cedure in Japan. Although postoperative bleeding (POB) 
is a major complication associated with ESD, risk factors 
for POB have not been fully identified. Okamoto et al.  [6] 
 found that anti-thrombotic therapy and rectal tumor lo-
cation were strongly associated with POB in colorectal 
ESD. The incidence of POB was higher in patients who 
received heparin bridge therapy as a replacement of anti-
thrombotic therapy than that in patients who did not re-
ceive heparin bridge therapy.

  Colorectal cancer is one of the most common cancers, 
and 8–29% of patients with colorectal cancer have ob-
struction-related symptoms. Because obstructive colorec-
tal cancer can be fatal, emergent management is needed. 
It was reported that the morbidity and mortality rates as-
sociated with emergent surgery were high. In the last few 
decades, there have been many reports about the useful-
ness of self-expanding metal stents (SEMS) for obstruc-
tive colorectal cancer. SEMS are used as a bridge to sur-
gery (BTS) and for palliative therapy. A systematic review 
revealed that SEMS placement as a BTS has a lower stoma 
formation rate and complication rate than emergent sur-
gery. However, concerns have been raised regarding the 
possibility for exacerbation of the oncological prognosis. 
A few RCTs and a cohort study have shown a significant-
ly higher local disease recurrence rate with SEMS use than 
emergent surgery. The cancer recurrence rate has been 
shown to be higher in the subgroup of patients with stent-
related perforations; thus, it is suggested that a lower per-
foration rate may improve the prognosis. Small diameter 
stents mitigate the mechanical impact of the stents on the 
tumor and the colonic wall, and can reduce the perfora-
tion rate. Ogawa et al.  [7]  found that the 18-mm diameter 
stents were effective similar to 22-mm diameter stents. 
Because 18-mm diameter stents are easy to handle and 
produce less mechanical stress, they have the potential to 
decrease the perforation rate and mitigate the stent’s im-
pact on the tumors. 18-mm diameter stents can be useful 
and safe, especially as a BTS.

  Narrow band imaging (NBI), which visualizes vessel 
and surface patterns in detail, is generally considered to 
provide useful diagnostic information about gastrointes-
tinal lesions identified via endoscopy. Several studies 
have indicated that NBI observations of colorectal polyps 
are very useful, accurate predictors of histology. The Ja-
pan NBI Expert Team (JNET) proposed a new NBI clas-
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sification system for colorectal tumors in June 2014. In 
this classification system, types 1, 2A, 2B, and 3 corre-
spond to hyperplastic polyps including sessile serrated 
polyps, low-grade dysplasia, high-grade dysplasia, shal-
low submucosal invasive carcinomas, and deep submu-
cosal invasive carcinomas, respectively. To validate this 
system, Komeda et al.  [8]  performed a retrospective im-
age evaluation study in which 199 colorectal tumors pre-
viously assessed by NBI magnifying endoscopy were clas-
sified by three blinded experienced colonoscopists using 
the JNET system. They concluded that JNET classifica-
tion is useful for the diagnosis of hyperplastic polyps/ses-
sile serrated polyps, low-grade dysplasia, and deep sub-
mucosal invasive, but not shallow submucosal invasive 
lesions. For low-confidence cases, magnified chromoen-
doscopy is recommended to ensure correct diagnoses.

  The number of reports on the utility of contrast-en-
hanced harmonic endoscopic ultrasonography (CH-
EUS) in the differential diagnosis of pancreatic masses 
has been increasing. CH-EUS depicted the hypoen-
hancement of pancreatic carcinomas with high sensitiv-
ity (89–96%) and specificity (64–94%). Nonetheless, the 
visual evaluation of CH-EUS scans may be influenced by 
the endosonographers’ subjective impressions. Recent 
studies have described the quantitative perfusion analy-
sis of pancreatic diseases using a time-intensity curve 
(TIC), which graphs the changes in signal intensity over 
time within a region of interest after infusion of an ultra-
sound contrast agent. Omoto et al.  [9]  attempted to clar-
ify if quantitative perfusion analysis with CH-EUS char-
acterizes pancreatic tumors and to find the most accurate 
hemodynamic parameter of TIC for differentiating pan-
creatic carcinoma from other pancreatic tumors. They 
found that pancreatic carcinomas exhibited markedly 
different TIC patterns from the other tumor types, with 
intensity at 60 s (I 60 ) being the most accurate diagnostic 
parameter. Quantitative perfusion analysis is useful for 
differentiating pancreatic carcinomas from other pan-
creatic tumors.

  Intraductal papillary mucinous neoplasms (IPMNs) 
are a well-characterized group of intraductal mucin-pro-
ducing cystic neoplasms of the pancreas with malignant 
potential. In the 2012 international consensus guidelines, 
high-risk IPMN included 2 clinical categories with “high-
risk stigmata” and “worrisome features,” and different 
therapeutic strategies were recommended for both 
groups. It is recommended that patients with “high-risk 
stigmata” should be treated by surgical resection. Patients 
who have “worrisome features” and additional high-risk 
signs should also undergo resection, while patients with 

“worrisome features” alone should receive careful follow-
up. The “high-risk stigmata” of IPMNs that can be de-
tected by EUS are an enhancing solid component inside 
the cyst and dilatation of the main pancreatic duct (>10 
mm). Additional high-risk signs among the “worrisome 
features” are a definite mural nodule and suspected main 
duct involvement. Thus, the current guidelines focus on 
the morphological features of IPMN as revealed by EUS. 
On the other hand, although not described in previous 
reports, clinical experience suggests that evidence of 
chronic pancreatitis (CP) is frequently identified in the 
background pancreatic parenchyma of IPMN patients by 
EUS (EUS-CP findings). CP is a well-known risk factor 
for pancreatic malignancy, including pancreatic ductal 
adenocarcinoma (PDAC). However, the relationship re-
mains unclear between malignant transformation of 
IPMN and pathological changes of the pancreatic paren-
chyma, such as atrophy, inflammation, and fibrosis. 
Moreover, changes of the background parenchyma are 
not considered to be a high-risk sign for malignant IPMN 
in the current guideline. Takenaka et al.  [10]  hypothe-
sized that EUS-CP findings might be associated with ma-
lignant IPMN. To examine this hypothesis, they utilized 
a database of 69 consecutive patients with IPMNs who 
underwent preoperative EUS and surgical resection. They 
found that the detection of EUS-CP findings in the pan-
creatic parenchyma of IPMN patients was associated with 
invasive IPMC. They also stated that when EUS examina-
tion of IPMN is performed, the background parenchyma 
should be evaluated in addition to the morphological fea-
tures of the tumor itself.

  The gold standard procedure for biliary drainage (BD) 
is transpapillary drainage during endoscopic retrograde 
cholangiopancreatography (ERCP). However, ERCP 
may not be possible in patients with an inaccessible bili-
ary orifice, such as patients with a surgically altered anat-
omy or duodenal involvement of the tumor. Alternative 
drainage options in these patients include surgical biliary 
bypass or percutaneous transhepatic BD; however, these 
procedures are associated with some adverse events. 
EUS-guided BD (EUS-BD) techniques such as EUS-guid-
ed choledochoduodenostomy (CDS), hepaticogastrosto-
my (HGS), antegrade stenting (AGS), and rendezvous 
stenting have recently been shown to be useful for BD 
after unsuccessful ERCP. Among these procedures, CDS 
and rendezvous stenting require the echoendoscope to 
reach the duodenum. Therefore, HGS or AGS is indicated 
in patients with an inaccessible duodenum. However, 
HGS is associated with a higher risk of adverse events 
compared with the other methods. When stent dysfunc-
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tion occurs, re-intervention is more difficult after AGS 
alone than after HGS or CDS. Imai et al.  [11]  attempted 
to evaluate the technical success, functional success, ad-
verse events, re-intervention rate, and stent patency be-
fore (HGS alone) and after (HGS with AGS) combining 
both methods and to compare these outcomes between 
the two groups. They found that although the technical 
success rate of HGS with AGS was lower than that of 
HGS, HGS with AGS was superior to HGS in terms of 
adverse events rate and stent patency in patients receiving 
chemotherapy. In other words, EUS-HGS both with and 
without AGS has equivalent short-term safety and effi-
cacy when performed by experts. However, HGS plus 
AGS is preferred in patients undergoing chemotherapy 
because it allows for longer stent patency.

  Risk factors for PDAC include diabetes mellitus, 
chronic pancreatitis, obesity, a family history of pancre-
atic cancer, and a history of smoking or alcohol consump-
tion. Kamata et al.  [12]  attempted to evaluate the associa-
tion between risk factors for PDAC and malignant IPMN. 
They found that there was no significant association be-
tween the risk factors for PDAC and malignant IPMN. 
The presence of several risk factors, especially a positive 
smoking history in addition to the presence of the mural 
nodules, is an indication for surgical resection in patients 
with IPMN.

  EUS-guided fine-needle aspiration (EUS-FNA) has 
been widely used for the diagnosis of both inflammatory 
and tumor lesions located in and adjacent to the gastro-
intestinal tract. EUS-FNA has been considered to be a safe 
technique with few complications, as shown in recent re-
view articles in which EUS-FNA-related morbidity and 
mortality rates were reported to be <1%. It should be not-
ed, however, that needle tract seeding, although uncom-
mon, can occur after diagnostic EUS-FNA and that this 
complication affects the prognosis of patients. Although 
an accurate value for the frequency of needle tract seeding 
caused by EUS-FNA has not been reported, the number 
of case reports on needle tract seeding have been rapidly 
increasing, especially in Japan. Minaga et al.  [13]  attempt-
ed to re-evaluate the safety of EUS-FNA because this 
complication may have a significant influence on pa-
tients’ prognoses. They concluded that considering this 
serious complication, EUS-FNA should be performed 
only when the results obtained by this procedure are use-
ful for therapeutic decision making. In addition, needle 
tract seeding following EUS-FNA might be avoided by 
setting the needle tract line within the surgical resection 
margins, if technically possible. Carefully planned endo-
scopic and imaging surveillance of the puncture sites 

could lead to the early detection of needle tract seeding, 
which may improve the prognosis.

  Primary sclerosing cholangitis (PSC) is a chronic cho-
lestatic liver disorder characterized by multiple fibrotic 
strictures of the intra- and extrahepatic biliary tree. Previ-
ous studies have shown that >40% of deaths in patients 
with PSC are related to cholangiocarcinoma, gallbladder 
carcinoma, or colorectal carcinoma. Cholangiocarcino-
ma is the most relevant of these, with a lifetime risk in PSC 
patients of around 7–14% and a prognosis including a 
5-year survival of <10%. Primary hepatic adenosqua-
mous carcinoma (ASC) is defined as a rare subtype of 
cholangiocarcinoma, accounting for 2–3% of cholangio-
carcinomas. ASC contains both adenocarcinoma and 
squamous cell carcinoma components, tends to present 
more aggressive clinicopathologic features, and has a 
poorer prognosis than other cholangiocarcinomas. Ya-
mao et al.  [14]  first reported the first case of hepatic ASC 
in a patient with PSC. They concluded that patients with 
PSC should be recognized as being at risk of hepatic ASC, 
in addition to general cholangiocarcinoma, hepatocellu-
lar carcinoma (HCC), and metastatic liver tumor.

  Pancreatic cancer has a poor prognosis, and early di-
agnosis is important for improved outcomes. Small pan-
creatic cancers have a better prognosis, although detec-
tion and diagnosis of noninvasive or small invasive le-
sions are often challenging. Pancreatic intraepithelial 
neoplasia (PanIN) is considered a precursor for invasive 
pancreatic cancer. PanIN is defined as a microscopic pap-
illary or flat and noninvasive epithelial neoplasm arising 
from the pancreatic ductal epithelium. PanIN is divided 
into two subtypes: low-grade PanIN (previously reported 
as PanIN-1 and -2) and high-grade PanIN (previously 
reported as PanIN-3) involving a carcinoma in situ. As 
high-grade PanIN does not involve a mass-forming le-
sion, its diagnosis is challenging by imaging. Detection of 
high-grade PanIN involves the presence of an abnormal 
main pancreatic duct (MPD) form, including localized 
MPD stenosis with distal MPD dilation, focal ductal 
branch dilation, and cyst formation. Exacerbation of 
these findings with tumor progression is also a sign of 
high-grade PanIN. However, the natural history and time 
to progression of high-grade PanIN remain unclear. Ya-
mao et al.  [15]  reported two cases of high-grade PanIN 
without morphological changes in the MPD over rela-
tively long periods. They concluded that when findings of 
localized MPD stenosis and distal MPD dilation are de-
tected, a definite diagnosis of high-grade PanINs should 
be considered by pancreatic juice cytology. Even if a def-
inite diagnosis cannot be obtained, strict follow-up ob-
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servation study should be performed. Re-examination 
should also be considered, particularly in cases with some 
risk factors for pancreatic cancer, even if there is no 
change in the MPD form.

  EUS-guided pancreatic drainage has been described as 
a new drainage technique after an unsuccessful transpap-
illary approach for pancreatic duct strictures. Kamata et 
al.  [16]  reported a case who could not continue chemo-
therapy and was forced to stop chemotherapy due to re-
peated pancreatitis. Findings indicated that the pancre-
atic duct stone caused repeat pancreatitis, resulting in the 
discontinuation of chemotherapy. Although transpapil-
lary pancreatic duct drainage was considerable, pancre-
atic duct drainage over the tumor and the pancreatic duct 
stricture was limited. The presence of the tumor in the 
head of the pancreas made stone removal more difficult. 
EUS-guided pancreatic drainage was successful in this 
patient; therefore, this technique may constitute salvage 
therapy when the transpapillary approach is difficult.

  The early-stage pancreatic cancer (e-PC; stage I/II) de-
tection rate is quite low at approximately 25%. Sakamoto 
et al.  [17]  conducted a study to evaluate the feasibility of 
a social program (the Kishiwada project) wherein their 
hospital, which specializes in PC and primary care medi-
cal offices (PMOs), used clinical findings to detect e-PC. 
They concluded that this social program with collabora-
tions between medical centers that specialize in PC and 
PMOs used clinical findings, suggesting that not only 
general internal medicine offices (GIMs) but also other 
PMOs and indirect findings by US may play an important 
role in improving the e-PC detection rate.

  Repeated pancreatic juice cytology via endoscopic 
naso-pancreatic drainage (ENPD) is found to have high 
diagnostic yield and might be useful for the diagnosis of 
e-PC. EUS-FNA is also helpful for confirming the diag-
nosis of early pancreatic carcinoma, but its role is limited 
with respect to carcinoma in situ as no tumor has formed 
at this stage. Miyata et al.  [18]  reported that a case of re-
peated pancreatic juice cytology via ENPD was effective 
in the diagnosis of pancreatic carcinoma in situ. They 
speculated that a weak low echoic area around the MPD 
stricture on EUS might be related to the inflammatory 
changes accompanying carcinoma in situ of the pan-
creas.

  HCC is the second leading cause of cancer mortality in 
the world. Sorafenib is an agent that has improved the 
time-to-progression (TTP) and overall survival (OS) in 
advanced stages of HCC with vascular invasion and/or 
extrahepatic spread  [19] . Sorafenib is recommended by 
the consensus-based treatment algorithm for HCC pro-

posed by the Japan Society of Hepatology  [20–22] . Ac-
cording to this algorithm, sorafenib is indicated in pa-
tients diagnosed with Child-Pugh stage A HCC with ex-
trahepatic spread or vascular invasion. Sorafenib is also 
recommended in patients with Child-Pugh stage A HCC 
where transcatheter arterial chemoembolization (TACE) 
 [23–26]  and hepatic arterial infusion chemotherapy  [26–
28]  are not indicated. Ogawa et al.  [29]  attempted to de-
termine the relationship between treatment outcomes 
and hand-foot syndrome, and post-progression treat-
ment after sorafenib therapy. They found that in sorafenib 
therapy, the patients with hand-foot syndrome and those 
who received postprogression treatment showed good 
OS. They also noted that the best results were observed 
when therapy was initiated at Child-Pugh grade A-5, 
which indicates that it is preferable to start sorafenib at 
the time when liver function is still well preserved. Start-
ing sorafenib at a reduced dose in Japanese patients is also 
thought to lead to a better OS.

  HCC is the fifth most common malignant tumor and 
the third cause of cancer death in the world. Advances of 
hepatic resection  [27]  and radiofrequency ablation  [28, 
30, 31]  as curative treatments have improved the progno-
sis of HCC. However, it is well known that there is fre-
quent recurrence after curative treatments for HCC. 
TACE has been performed as a palliative treatment 
against unresectable HCC in the patients with/without a 
past history of treatments, especially in BCLC-B (inter-
mediate) stage HCC  [32] , and has been reported to be ef-
fective for improving prognosis of the patients with HCC. 
Recently, new criteria for predicting poor prognosis of 
HCC, time to TACE progression (TTTP), have been pro-
posed  [33] . TTTP showed a moderate correlation to OS 
after progression in the patients with BCLC-B HCC treat-
ed with TACE. Izumoto et al.  [34]  performed the valida-
tion study of the relationship between TTTP and OS after 
TACE. They concluded that TTTP showed a good corre-
lation with OS. In the patients with the short TTTP, espe-
cially less than 5 months, it might be difficult to improve 
prognosis with repeated TACE procedure. In such cases, 
re-consideration of therapeutic strategy, switching treat-
ment from TACE to tyrosine kinase inhibitors, might be 
needed  [20, 35] . In addition, TTTP may be a good surro-
gate endpoint of OS in the TACE combination trial with 
molecular targeted agents or immune checkpoint inhibi-
tors or both  [26, 36] .

  Kudo and Arizumi  [37]  reviewed molecular targeted 
therapy in combination with TACE of negative trials such 
as post-TACE, BRISK-TA, SPACE, ORIENTAL, and 
TACE-2 trials. They state that TACE is the first-line treat-
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ment for intermediate-stage HCC; however, repeated 
TACE sessions tend to impair liver function, resulting in 
shorter prognosis. Reducing the frequency of TACE, 
which is generally repeated upon tumor progression, is a 
challenging issue in the treatment of patients with inter-
mediate-stage HCC. To address this issue, previous trials 
combined molecular targeted agents with TACE; how-
ever, the safety and efficacy of this combination could not 
be demonstrated, and none of the combination therapies 
is currently recommended. In such cases, post-trial treat-
ment likely affects OS, making it difficult to evaluate 
treatment outcomes using OS. Instead of OS, TTP/pro-
gression-free survival is used as a primary endpoint in 
some trials; however, whether TTP/progression-free sur-
vival based on RECIST is an appropriate endpoint in clin-
ical trials of TACE combination therapies remains un-
clear. In general, TTP corresponds to the period between 
randomization or the day of study initiation and disease 
progression. In their previous study, they proposed a 
novel endpoint, “time to TACE progression (TTTP),” as 
a progression-free period specific to patients treated with 
TACE and defined as the time from the initial TACE ef-
fect evaluation to progression  [33] . They also verified that 
TTTP is correlated with OS, suggesting that TTTP could 
be a surrogate endpoint for OS and a better primary end-
point than OS for use in clinical studies of TACE in com-
bination with molecular targeted agents or immunother-
apy. They concluded that many clinical trials investigated 
the efficacy of TACE combined with molecular targeted 
agents; however, none of them demonstrated an OS ben-
efit of the combination strategy or even improved TTP/
progression-free survival. Nevertheless, these studies 
showed the antitumor effect of the molecular targeted 
agents as adjuvant therapy. It is important to consider the 
reasons for the negative outcomes of these trials and to 
carefully plan future clinical trials of combination therapy 
with TACE.

  Kudo reviewed the 2017 update of systemic therapy for 
HCC. The author pointed out that tumor reduction effect 
and toxicity of current standard of care (sorafenib) re-
main unsatisfactory. The development of novel molecu-
lar targeted agents, as alternatives to sorafenib, has been 
attempted up to now, although there are many difficulties 
unique to HCC to overcome. Nevertheless, the efficacy of 
3 molecular targeted agents in succession has recently 
been proven. Two are the second-line agents, regorafenib 
and cabozantinib, which developed on sorafenib therapy. 
Another one is the first-line agent, lenvatinib, which was 
proven to be noninferior to sorafenib. Another group of 
agents that are attracting considerable interest are im-

mune checkpoint inhibitors, such as anti-programmed 
cell death 1 (PD-1), programmed cell death-ligand 1 (PD-
L1), or cytotoxic T-lymphocyte-associated antigen 4 
(CTLA-4) antibodies that kill cancer cells via a unique 
mechanism. The expected therapeutic effects of some of 
these agents are now being investigated in phase III stud-
ies. The most recent topics is the combination therapy of 
PD-1/PD-L1 with other immune checkpoint inhibitor, 
CTLA-4, or with tyrosine kinase inhibitor, or locoregion-
al therapies, such as resection, ablation or TACE. He con-
cluded that increased options for treatment using a mo-
lecular targeted agent and immune checkpoint inhibitors 
will benefit more HCC patients, but adequate selection of 
the treatment is important and should be actively ex-
plored.

  Kudo reviewed the most updated topic, immuno-on-
cology in HCC. Clinical trials are currently ongoing to 
evaluate the utility of antibodies against PD-1, PD-L1, 
and CTLA-4 as monotherapy or combination therapy in 
patients with HCC. Results of combination treatment 
with the anti-PD-L1 antibody durvalumab and the anti-
CTLA-4 antibody tremelimumab in HCC were presented 
at the 2017 annual meeting of ASCO. Response rates were 
25% in all 40 patients and 40% in the 20 uninfected pa-
tients, both of which are encouraging. TACE and radio-
frequency ablation can activate tumor immunogenicity 
by releasing tumor-associated antigen and by inducing 
the migration of cytotoxic T lymphocytes to small intra-
hepatic metastatic nodules. Subsequent administration of 
anti-PD-1 antibody could control these small intrahepat-
ic metastatic nodules. In a nonclinical study, the combi-
nation of pembrolizumab and lenvatinib inhibited the 
cancer immunosuppressive environments induced by tu-
mor-associated macrophages and Tregs. This, in turn, de-
creased the levels of TGF-β and IL-10, the expression of 
PD-1, and the inhibition of Tim-3, triggering anticancer 
immunity mediated by immunostimulatory cytokines 
such as IL-12. Studies such as these may provide insight 
into the appropriate molecular targeted agents to be used 
with immune checkpoint inhibitors.

  Nishida and Kudo  [38]  described activation of onco-
genic signaling and tumor immunosuppressive microen-
vironment in HCC. They stated that vascular endothelial 
growth factor (VEGF) induces myeloid-derived suppres-
sor cell accumulation, inhibit maturation of dendritic 
cells, and induce Treg cells. VEGF also exerts immuno-
suppressive function through the expression of immune 
checkpoint molecules on CD8+ T cells, such as PD-1, T 
cell immunoglobulin and mucin domain 3 (TIM-3) and 
CTLA-4. Immunoregulatory enzyme, indoleamine 2,3-
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dioxygenase, is overexpressed in HCC cell lines and hu-
man HCC tissues, which is an independent prognostic 
factor for HCC patients. Indoleamine 2,3-dioxygenase is 
upregulated by proinflammatory cytokines, such as 
interferon-γ, and inhibits T cell activation and promotes 
expansion of Treg cells. Similarly, lactic acid, which is 
generated through glycolysis in tumor cells, stimulates 
the expression of VEGF and M2-like polarization of tu-
mor-associated macrophages. Activation of NF-κB could 
also increase the expression of immunosuppressive cyto-
kines, such as IL-2, IL-6, and IL-8 in cancer cells. They 
concluded that from this point of view, it is conceivable 

that combination with inhibitors of oncogenic signaling 
improve the antitumor effect of anti-PD-1 and PD-L1 an-
tibody.

  Finally, I strongly believe this supplementary issue of 
 Oncology  focusing on “New paradigm in gastrointestinal 
cancer treatment” will be an invaluable one for all the 
readers of  Oncology .
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cancer and subsequently underwent ESD were enrolled in 
this study. Among these patients, 53 patients and 57 lesions 
bearing mucosal defects covering greater than two-thirds of 
the esophageal circumference after ESD were treated with 
TA injection therapy. The rate of esophageal stricture was 
found to be highest in cases involving mucosal defects that 
covered more than seven-eighths of the circumference. 
 Conclusion:  Endoscopic TA injection is not sufficient for pre-
venting esophageal stricture in patients bearing mucosal 
defects covering more than seven-eighths of the esopha-
geal circumference after ESD.  © 2017 S. Karger AG, Basel 

 Introduction 

 Endoscopic submucosal dissection (ESD) has now 
become a standard treatment modality for superficial 
esophageal cancer  [1–3] . ESD has enabled endoscopists 
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Triamcinolone 

 Abstract 
  Introduction:  Endoscopic submucosal dissection (ESD) has 
been widely used in the resection of superficial esophageal 
cancers. Since its use has been extended to cases involving 
large esophageal tumors occupying nearly the whole or the 
whole circumference of the lumen, the occurrence of esoph-
ageal stricture has increased. Although endoscopic injection 
of triamcinolone (TA) is widely used for the prevention of 
postoperative stricture, a significant number of patients still 
develop stricture after TA injection therapy.  Methods:  We 
performed a retrospective study to identify the clinical pa-
rameters that predispose post-ESD patients to esophageal 
stricture after TA injection therapy.  Results:  A total of 207 
patients who were diagnosed with superficial esophageal 
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to achieve en bloc resection of large superficial esophageal 
cancers. Indeed, local recurrence rates are much lower in 
ESD than in conventional endoscopic mucosal resection 
(EMR) due to the effectiveness of the en bloc resection 
 [1–3] . Thus, ESD is considered the most useful procedure 
for resection of superficial esophageal cancer.

  As the indications for ESD for esophageal cancer ex-
tend to include larger tumors that occupy near or whole 
circumference, the complication rate associated with the 
procedure is rising. Esophageal stricture is the most fre-
quent complication associated with ESD  [4] . Ono et al.  
[5]  reported that most patients who underwent near- or 
whole-circumferential ESD developed postoperative 
esophageal stricture. Severe esophageal stricture can im-
pair quality of life due to the resultant inability to ingest 
food, and usually requires multiple sessions of endoscop-
ic balloon dilations (EBDs). Hence, there have been many 
attempts to reduce the incidence of esophageal stricture. 
Endoscopic intralesional injection of triamcinolone (TA) 
is widely used for the prevention of esophageal stricture 
after ESD. Although endoscopic TA injection can cause 
delayed perforation upon injection into the muscle layer 
 [6, 7] , several clinical studies report the safety and effi-
cacy of its use  [8, 9] . It should be noted, however, that a 
significant proportion (10–20%) of patients still develop 
postoperative esophageal stricture even after treatment 
with endoscopic TA injection  [8, 9] . Therefore, it is im-
portant to identify the subgroup of patients at high risk of 
developing ESD-related esophageal stricture after TA in-
jection.

  In this study, we performed a retrospective review of 
the data from 57 patients treated with near- or whole-
circumferential ESD and with TA injection. We report 
that an extensive circumferential mucosal defect (cover-
ing more than 75% of the circumference) was associated 
with a high risk of developing postoperative esophageal 
stricture, even after preventive injection of TA.

  Materials and Methods 

 Patients 
 This was a retrospective study in which we analyzed the clini-

copathological factors associated with esophageal stricture after 
near- or whole-circumferential ESD and endoscopic injection of 
TA. Between January 2011 and October 2016, a total of 207 pa-
tients who were diagnosed with superficial esophageal cancer and 
subsequently underwent ESD at Kindai University Hospital, Osa-
ka, Japan, were enrolled in this study. Among those 207 patients, 
ESD was performed in 53 patients for a total of 57 cancerous le-
sions resulting in mucosal defects covering more than two-thirds 
of the circumference. Endoscopic injection of TA was performed 

for the 57 lesions. Ethical permission for this study was obtained 
from the Review Board at Kindai University, Faculty of Medicine. 
Patients with a history of chemotherapy or radiotherapy for esoph-
ageal cancer were excluded from the study.

  Clinical parameters were obtained from the medical records of 
each patient, including age, sex, location of lesion (cervical, upper, 
middle, lower), longitudinal diameter of the lesion, endoscopic ap-
pearance of the lesion (IIa, IIb, IIc), depth of invasion (EP, LPM, 
MM, SM1, SM2)  [5] , ESD procedure time, extent of circumferen-
tial mucosal defect after ESD (more than 2/3, more than 3/4), and 
total dose of TA injection. Esophageal stricture was considered 
present when the patient complained of dysphagia or when a stan-
dard endoscope (GIF-Q260J; Olympus Optical, Tokyo, Japan) 
could not pass through the post-ESD scar.

  Endoscopic Submucosal Dissection 
 ESD was performed with the patients under conscious sedation 

by periodic intravenous administration of   propofol and pethidine 
hydrochloride.   We used a single-channel upper GI endoscope 
(GIF-Q260J; Olympus Optical, Tokyo, Japan) with transparent 
hood and irrigation pump. Carbon dioxide insufflation was used 
during the procedure. Sodium hyaluronic acid was injected into 
the submucosal layer to make a submucosal cushion. A flush-knife 
BT or BTS (DK2620J Fujifilm Medical, Tokyo, Japan) was used to 
dissect the lesion. The settings of the electrosurgical generator 
(VIO300 D Erbe Elektromedizin GmbH, Tübingen, Germany) 
were: soft coagulation (effect 80 W) for marking, endocut I (effect 
3, time 2, interval 3) for mucosal incision, swift coagulation (ef-
fect 40 W) for submucosal dissection, and soft coagulation (effect 

Mucosal defect 2/3 circumference
53 patients (57 lesions) 

Stricture formation
14 patients (14 lesions)

No stricture formation
39 patients (43 cases)

Mucosal defect <2/3 circumference
154 patients (233 lesions)

Esophageal endoscopic submucosal dissection
207 patients (290 lesions)

  Fig. 1.  Flow diagram showing the patients enrolled in the study. A 
total of 207 patients who were diagnosed as having superficial 
esophageal cancer and underwent ESD at Kindai University Hos-
pital were enrolled in this study. Among these 207 patients and 290 
lesions, 53 patients bearing 57 lesions underwent ESD with the 
extent of more than two-thirds of circumferential mucosal defect 
and then treated with endoscopic injection of TA for the preven-
tion of esophageal stricture. Among 53 patients and 57 lesions, 14 
patients exhibited esophageal stricture that required EBD. The 57 
lesions were divided into non-esophageal stricture group ( n  = 43) 
and esophageal stricture group ( n  = 14). 
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40 W) for bleeding points. Hemostatic forceps were used for pre-
ventive occlusions of the vessels. At the end of the procedure, ad-
ditional coagulation was carefully performed to prevent delayed 
bleeding.

  Endoscopic TA Injection 
 TA was diluted with 0.9% NaCl to a final concentration of 10 

mg/mL. Then, 0.1- to 0.2-mL aliquots were injected at the base of 
the artificial ulcer using a 25-gauge, 4-mm needle (TOP Corpora-
tion). Effective administration of the steroid into the submucosal 
layer required dissection at the middle level of the submucosal lay-
er to create enough space for the injection. A potential problem 
with the injection method is the risk of delayed perforation, which 
may occur if the steroid is injected into the true muscular layer. 
Therefore, TA must be injected into the submucosal layer.

  Endoscopic Balloon Dilation 
 EBD was performed every 1–4 weeks after ESD. The dilatation 

was performed in the outpatient department using CRE TM  Wire-
Guided Esophageal/Pyloric balloon Dilatation Catheters (Boston 
Scientific, Marlborough, MA, USA). Dilatation therapy was con-
sidered successful when the patients reported improvement in 
dysphagia.

  Statistical Analysis 
 Student’s  t  test or Fisher’s exact   test was used in the univariate 

analysis. A  p  value less than 0.05 was considered significant. Clin-
ical factors considered significant in the univariate analysis were 
subjected to multivariate analysis and a  p  value less than 0.05 was 
considered significant.

  Results 

 Flow Diagrams of the Patients 
 Esophageal stricture is the most frequent complication 

in ESD. Endoscopic TA injection is one of the most effec-
tive treatments for prevention of ESD-associated esopha-
geal stricture  [8, 9] . However, a significant proportion of 
patients still develop esophageal stricture requiring EBD 
even after endoscopic TA injection. In this retrospective 
study, we aimed to identify the risk factors for esophageal 
stricture in patients who underwent near- or whole-cir-
cumferential ESD and were treated with TA injection.

 Table 1.  Clinical parameters associated with esophageal structure

Clinical parameters Esophageal stricture
14 cases (14 lesions)

Non-esophageal stricture
39 cases (43 lesions)

p value

Age, years 72.3 ± 9.5 68.3 ± 8.6 0.13b

Male/female 12/2 (85.7, 14.3) 38/5 (88.4, 11.6) 0.55a

Location of lesion
Cervical 1 (7.1) 0 1.00a

Upper 2 (14.3) 1 (2.3) 0.15a

Middle 9 (64.3) 22 (51.2) 0.54a

Lower 2 (14.3) 20 (46.5) 0.06a

Longitudinal diameter of lesion 55.7 ± 14.0 51.4 ± 19.3 0.45b

Endoscopic appearance
0-IIa 1 (7.1) 1 (2.3) 0.43a

0-IIb 7 (50) 33 (76.7) 0.09a

0-IIc 6 (42.9) 9 (20.9) 0.16a

Depth of invasion
EP 4 (28.6) 13 (30.2) 1.00a

LPM 6 (42.9) 20 (46.5) 1.00a

MM 3 (21.4) 5 (11.6) 0.39a

SM1 1 (7.1) 0 1.00a

SM2 0 1 (2.3) 1.00a

ESD procedure time 140.1 ± 58.8 99.2 ± 40.5 0.005b

Circumferential extent (CE)
3/4 ≤ CE ≤1 11 (78.6) 27 (62.8) 0.34a

7/8 ≤ CE ≤1 10 (71.4) 10 (23.3) 0.003a

Total doses of TA, mg 68 ± 24 44.8 ± 23.2 0.06b

 Figures in parentheses indicate percentages. ESD, endoscopic submucosal dissection; TA, triamcinolone. 
a Fisher’s exact test. b t test. 
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  As shown in  Figure 1 , a total of 207 patients who were 
diagnosed with superficial esophageal cancer and under-
went ESD at Kindai University Hospital were enrolled in 
this study. Among these 207 patients and 290 lesions, 53 
patients bearing 57 lesions, underwent ESD which had 
resulted in a mucosal defect of greater than two-thirds of 
the esophageal circumference. These patients were then 
treated with endoscopic injection of TA for the preven-
tion of esophageal stricture. We performed clinicopatho-
logical analysis in these 57 lesions.

  Risk Factors for Postoperative Esophageal Stricture in 
Patients Treated with TA Injection 
 Among the 53 patients and 57 lesions described above, 

14 patients exhibited esophageal stricture requiring EBD. 
These 57 lesions were divided into 2 groups: the non-
esophageal stricture group ( n  = 43) and the esophageal 
stricture group ( n  = 14). Characteristics of the clinico-
pathological findings of these lesions are summarized in 
 Table  1 . No significant difference was seen in age, sex, 
tumor location, or depth of tumor invasion for both 
groups. In contrast, the rate of esophageal stricture was 
much higher in the cases with a mucosal defect covering 
more than seven-eighths of the circumference. Total dose 
of TA injection was higher in the non-esophageal stric-
ture group than in the group with esophageal stricture. 
We performed multivariate analysis to confirm the re-
sults obtained using univariate analysis. As shown in  Ta-
ble 2 , a circumferential mucosal defect of more than sev-
en-eighths was identified as an independent risk factor 
for postoperative esophageal stricture. Conversely, ESD 
procedure time did not show a significant correlation. 
Collectively, univariate and multivariate analyses re-
vealed that a mucosal defect covering seven-eighths or 
more of the circumference was strongly associated with 
postoperative esophageal stricture in patients treated 
with TA injection. These data suggest that endoscopic TA 
injection cannot prevent esophageal stricture in lesions 
bearing mucosal defects which cover more than seven-
eighths of the circumference after ESD.

  Case Presentation 
 Case 1 
 An 84-year-old man was admitted to Kindai Univer-

sity Hospital for ESD of a superficial esophageal cancer. 
Lugol’s iodine staining revealed a lesion that was almost 
whole circumferential within the esophageal lumen 
( Fig. 2 a). The patient was treated with ESD, which result-
ed in a whole-circumferential mucosal defect ( Fig. 2 b). 
The patient received endoscopic injection of TA for a to-

tal of 80 mg for the prevention of esophageal stricture. 
Severe esophageal stricture developed 18 days after the 
procedure ( Fig. 2 c).

  Case 2 
 A 54-year-old man was admitted to Kindai University 

Hospital for ESD of a superficial esophageal cancer. Lu-
gol’s iodine staining revealed a lesion occupying approx-
imately two-thirds of the circumference of the esopha-
geal lumen ( Fig. 3 a). The patient was treated with ESD, 
which resulted in a mucosal defect covering two-thirds 
of the lumen circumference ( Fig.  3 b). The patient re-
ceived endoscopic injection of TA for a total of 40 mg for 
the prevention of esophageal stricture. Twenty-eight 
days after ESD, esophageal stricture had not developed 
( Fig. 3 c).

  Discussion 

 Esophageal submucosal dissection has been estab-
lished as a minimally invasive and effective modality for 
the treatment of superficial esophageal cancer  [1–3] . 
This technique has enabled surgeons to perform en bloc 
resection of superficial esophageal cancers and to make 
accurate histological diagnoses, especially in terms of 
depth of invasion. Thus, judgement regarding successful 
complete resection is much easier in ESD than in con-
ventional EMR. In fact, local recurrence rates of tumors 
after ESD are lower than those after EMR due to effective 
en bloc resections  [1–3] . The indications for ESD have 
been extended to large superficial esophageal cancers 
that occupy almost the whole circumference of the 
esophageal lumen. Esophageal stricture is the most fre-
quent complication associated with near- or whole-cir-
cumferential ESD for such large superficial esophageal 
cancers. Since esophageal stricture sometimes worsens 
quality of life, various preventive methods have been 

 Table 2. Risk factors for postoperative esophageal stricture in 
patients treated with TA injection

Odds
ratio

95% CI p value

Procedure time 1.01 1.0 – 1.03 1.01

More than seven-eighths of 
circumferential mucosal defect

5.83 1.41 – 24.12 0.01
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proposed  [4, 7, 10] . Endoscopic injection of TA is widely 
used in the prevention of esophageal stricture associated 
with ESD  [8, 9] . However, a significant population of pa-
tients develop esophageal stricture even after the preven-
tive injection. Therefore, it is important to identify the 
clinical parameters that predispose ESD treated patients 
to postoperative esophageal stricture. In this study, we 
retrospectively analyzed 57 esophageal cancer lesions 
that occupied greater than two-thirds of the esophageal 
lumen and that received preventive endoscopic injection 
of TA. We found that the rate of esophageal stricture was 
highest in cases when the resulting mucosal defect cov-
ered greater than seven-eighths of the esophageal cir-
cumference after ESD. Thus, our data suggest that endo-
scopic TA injection is not sufficient for the prevention of 
esophageal stricture in cases with mucosal defects cover-
ing greater than seven-eighths of the esophageal circum-
ference after ESD.

  Since endoscopic TA injection is not sufficiently effec-
tive in the prevention of esophageal stricture after near- 
or whole-circumferential ESD, other preventative strate-
gies need to be considered. Oral prednisolone (30 mg/
day) may offer a useful preventive option  [11] . However, 
there are reports linking prednisolone with the develop-
ment of infectious diseases  [12] . Sakaguchi et al.  [13]  re-
ported the usefulness of polyglycolic acid (PGA) sheets 
with fibrin glue in the prevention of esophageal stricture 
after ESD. In line with this, another report showed that 
the percentage of postoperative stricture after application 
of PGA sheets was 7.7% in patients with a mucosal defect 
covering greater than seven-twelfths of the esophageal 
circumference  [14] . Furthermore, Kataoka et al.  [15]  re-
ported a case in which esophageal stricture was success-
fully prevented by endoscopic TA injection followed by 
the application of PGA sheets after a whole-circumferen-
tial resection. Therefore, it is important to consider alter-

a b c

a b c

  Fig. 2.  Representative case with esophageal stricture after ESD and TA injection.  a  Lugol’s iodine staining revealed 
a lesion which was almost whole-circumferential within the esophageal lumen.  b  ESD resulted in a whole-cir-
cumferential mucosal defect.  c  Severe esophageal stricture developed 18 days after the ESD, despite endoscopic 
TA injection. 

  Fig. 3.  Representative case without esophageal stricture after ESD and TA injection.  a  Lugol’s iodine staining re-
vealed a lesion occupying two-thirds of the circumference of esophageal lumen.  b  ESD resulted in a mucosal 
defect covering two-thirds of the circumference.  c  Esophageal stricture had not developed 28 days after the ESD 
and endoscopic TA injection. 
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native strategies including the application of PGA sheets 
in cases bearing mucosal defects covering greater than 
seven-eighths of the circumference.

  One concern arising from this study is how to optimize 
TA dosage to most effectively prevent esophageal stric-
ture. TA is injected into the submucosal layer; however, 
occasionally leakage may occur  [10] . Thus, endoscopists 
often encounter situations in which adequate intralesion-
al distribution of TA is difficult to achieve. In this study, 
the total dose of TA injected was higher in the patients 
with esophageal stricture than in those without stricture. 
However, it remains unknown whether effective doses of 
TA were actually injected into the submucosal layer in 
each case. Tracing modalities to confirm adequate distri-
bution of TA would be required to estimate and establish 
optimal dosage of TA necessary for the prevention of 
postoperative esophageal stricture.

  Conclusion 

 We have identified a risk factor for esophageal stric-
ture in patients treated with endoscopic injection of TA. 
Endoscopic TA injection is not sufficient for the preven-
tion of esophageal stricture in patients bearing a mucosal 
defect covering more than seven-eighths of the circum-
ference after ESD. In such cases, alternative strategies, in-
cluding the application of PGA sheets with or without TA 
injection need to be considered to avoid postoperative 
stricture.
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patients harboring CAM-resistant strains than in those har-
boring CAM-sensitive strains. In contrast, eradication rates 
were comparable between patients harboring CAM-resis-
tant strains and those harboring CAM-sensitive strains in the 
EAM group.  Conclusion:  MNZ-based triple therapy consist-
ing of esomeprazole and amoxicillin is superior to CAM-
based triple therapy containing esomeprazole and amoxicil-
lin as first-line eradication treatment against  H. pylori . 

 © 2017 S. Karger AG, Basel 

 Introduction 

 Gastric cancer is the third leading cause of cancer-re-
lated deaths worldwide  [1] . Geographically, gastric can-
cer is very common in East Asia, where the prevalence 
rate of  Helicobacter pylori  infection is high  [2] .  H. pylori  
is a gram-negative bacterium that colonizes human gas-
tric mucosa and then causes a wide variety of gastric dis-
orders  [3] . Chronic gastric infection due to  H. pylori  ini-
tially causes chronic active gastritis, which can then lead 
to the development of peptic ulcers, atrophic gastritis, 
gastric cancer, and mucosa-associated lymphoid tissue 

 Keywords 
  Helicobacter pylori  · Clarithromycin · Metronidazole 

 Abstract 
  Introduction:  Clarithromycin (CAM)-based triple therapy 
comprising proton pump inhibitors and amoxicillin is ad-
ministered as first-line eradication treatment against  He-
licobacter pylori  infection. However, the eradication rate 
achieved with CAM-based triple therapy has decreased to 
<80% owing to the emergence of CAM-resistant strains. This 
prospective randomized study aimed to compare the effi-
cacy of CAM-based and metronidazole (MNZ)-based triple 
therapy in terms of  H. pylori  eradication.  Methods:   H. pylori -
positive patients were treated with CAM-based triple thera-
py comprising esomeprazole and amoxicillin (EAC group) or 
with MNZ-based triple therapy comprising esomeprazole 
and amoxicillin (EAM group).  Results:   H. pylori  eradication 
rates achieved in the intention-to-treat (ITT) and per proto-
col (PP) analyses were 70.6 and 72.7%, respectively, in the 
EAC group. Eradication rates obtained via ITT and PP analy-
ses were 91.7 and 94.3%, respectively, in the EAM group. In 
the EAC group, eradication rates were significantly lower in 
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lymphoma  [3] .  H. pylori  infection is now a widely accept-
ed primary cause of gastric cancer  [4] . This claim is ade-
quately supported by a large body of epidemiological and 
clinical evidence. First, around 90% of patients with gas-
tric cancer demonstrate  H. pylori  seropositivity  [4, 5] . 
Second, a prospective and long-term study showed that 
gastric cancer has been observed more frequently in Jap-
anese patients with  H. pylori  infection than in those with-
out an infection  [6] . Third, eradication of  H. pylori  sub-
stantially reduced the incidence of gastric cancer in high-
risk patients who underwent endoscopic resection  [7] . 
Fourth and finally, a protective effect against gastric can-
cer has been reported to persist for more than 10 years 
after  H. pylori  eradication  [8] . Therefore,  H. pylori  can be 
considered one of the most important causes of gastric 
cancer  [9] .

   H. pylori -associated gastric cancer is one of the best 
examples of inflammation-related cancer  [10, 11] . Genet-
ic and epigenetic alterations accumulate within gastric 
epithelial cells infected with  H. pylori  in response to the 
progression of chronic inflammation  [10, 11] . In fact, ad-
vanced stages of  H. pylori -associated chronic gastritis 
bearing severe gastric atrophy and intestinal metaplasia 
are considered precancerous conditions, because gastric 
cancer tends to originate from gastric mucosa demon-
strating these signs  [6] . However, it should be noted that 
eradication of  H. pylori  reduces the risk for gastric cancer 
even in the presence of severe gastric atrophy and intes-
tinal metaplasia  [7] . Thus,  H. pylori  eradication is the 
most effective strategy for prevention of gastric cancer.

  Proton pump inhibitor (PPI)-containing triple thera-
py with amoxicillin (AMPC) and clarithromycin (CAM) 
is widely used as a first-line eradication therapy for  H. 
pylori  in Japan  [12] . Patients who demonstrate first-line 
eradication treatment failure are usually treated with PPI-
containing triple therapy comprising AMPC and metro-
nidazole (MNZ)  [13, 14] . Although a multicenter study 
conducted in 2001 reported that the eradication rate us-
ing first-line therapy was around 90%, the rate decreased 
to 70–80% in 2014  [13, 15] . A possible explanation for the 
decreased eradication rate is the prevalence of CAM-re-
sistant  H. pylori  in Japan  [16, 17] . Okamura et al.  [16]  re-
ported that the rate of CAM resistance is above 30 and 
50% in old and young patients, respectively. Therefore, 
we hypothesized that MNZ-based triple therapy contain-
ing PPI and AMPC is superior to CAM-based triple ther-
apy as a first-line eradication option. The aim of this study 
was to compare the efficacy of MNZ-based triple therapy 
and CAM-based triple therapy as  H. pylori  eradication 
treatments.

  Patients 

 This prospective randomized controlled study was designed to 
determine whether MNZ-based triple therapy was superior to 
MNZ-based triple therapy as a first-line eradication treatment for 
 H. pylori . Patients who underwent esophagogastroduodenoscopy 
for further examination and follow-up of upper gastrointestinal 
symptoms and  H. pylori -associated diseases including peptic ul-
cers and chronic gastritis at Kindai University Hospital from June 
2013 to August 2015 were enrolled. Patients who underwent 
esophagogastroduodenoscopy for follow-up of postendoscopic 
submucosal dissection for early gastric cancer were also enrolled. 
Exclusion criteria were as follows: age <19 years; history of  H. py-
lori  eradication therapy; allergy to PPI, AMPC, CAM, or MNZ; 
severe liver dysfunction; severe kidney dysfunction; severe heart 
disease; pregnancy; alcohol abuse; drug addiction. Written in-
formed consent was obtained from each patient before administer-
ing the treatment, and the study protocol was approved by the 
Kindai University Ethics Committee. In addition, this trial is reg-
istered with the University Hospital Medical Information Network 
(000011203).

  Study Design 
 A total of 140 patients who met the inclusion criteria and 

agreed to receive  H. pylori  eradication therapy were enrolled in 
this study. Assessment of  H. pylori  infection was performed via 
rapid urease tests, culture methods, serum  H. pylori  antibody 
tests, and stool  H. pylori  antigen tests. Patients were regarded as 
 H. pylori -positive when at least one of these tests yielded positive 
results. Either CAM-based triple therapy containing esomepra-
zole and AMPC (EAC) or MNZ-based triple therapy containing 
esomeprazole and AMPC (EAM) was administered as first-line 
eradication therapy against  H. pylori . Patients were randomly di-
vided into two groups: EAC group and EAM group. Patients in 
the EAC group were administered esomeprazole 20 mg, CAM 400 
mg, and AMPC 750 mg twice a day for 7 days, and those in the 

Patients infected with
H. pylori (n = 140) 

EAC
(n = 68)

EAM
(n = 72)

Randomization

n = 66 n = 70

Dropped out
(n = 2) 

Dropped out
(n = 2) 

  Fig. 1.  Flow diagram of patient enrollment in this study. EAC, cla-
rithromycin-based triple therapy comprising esomeprazole and 
amoxicillin; EAM, metronidazole-based triple therapy comprising 
esomeprazole and amoxicillin. 
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EAM group were administered esomeprazole 20 mg, MNZ 500 
mg, and AMPC 750 mg twice a day for 7 days. Eradication of  H. 
pylori  was confirmed via a urea breath test at 4 weeks after treat-
ment completion. Susceptibility to CAM and MNZ was tested us-
ing gastric biopsy specimens obtained during endoscopy as previ-
ously described  [18, 19] .

  Statistical Analysis 
 Intention-to-treat (ITT) and per protocol (PP) analyses were 

used to evaluate the eradication rate. χ 2  analysis was used for the 
statistical analysis, and a  p  value <0.05 indicated statistical signifi-
cance.

  Results 

 Patients 
 A total of 140 patients were enrolled in this study, and 

136 patients completed the first-line eradication therapy. 
As shown in  Figure 1 , 68 and 72 patients were treated with 
EAC and EAM protocols, respectively. Two patients in 
each group dropped out owing to loss to follow-up or 
poor treatment compliance. None of the patients who 
completed the first-line eradication therapy showed seri-
ous adverse effects that required discontinuation of erad-
ication therapy. As shown in  Table 1 , no significant dif-
ferences were observed in terms of baseline characteris-
tics such as age, sex, and diseases between the EAC and 
EAM groups. In addition, the rate of CAM-resistant  H. 
pylori  isolated from gastric mucosa samples was compa-
rable between the EAC and EAM groups.

  Eradication Efficacy 
 Eradication of  H. pylori  was confirmed via a urea 

breath test at 4 weeks after the completion of the first-line 
therapy. As shown in  Figure 2 a and  Table  2 ,  H. pylori  
eradication rates per the ITT and PP analyses were 70.6% 
(48/68) and 72.7% (48/66), respectively, in the EAC 
group. Eradication rates obtained in the ITT and PP anal-
yses were 91.7% (66/72) and 94.3% (66/70), respectively, 
in the EAM group. Thus, the eradication rates in the EAM 
group were significantly higher than those observed in 
the EAC group.

  We then addressed the effects of CAM resistance on 
the eradication rates. As shown in  Figure 2 b and  Table 2 , 
the eradication rates were 87.9% (29/33) and 51.9% 
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  Fig. 2.   H. pylori  eradication rates. Patients were treated with clarithromycin (CAM)-based triple therapy com-
prising esomeprazole and amoxicillin (EAC) or metronidazole-based triple therapy comprising esomeprazole 
and amoxicillin (EAM). Eradication rates were calculated via intention-to-treat (ITT) and per protocol (PP) 
analyses ( a ). Eradication rates in the EAC and EAM groups were calculated in patients harboring CAM-sus-
ceptible and CAM-resistant strains ( b ).  *  *   p  < 0.01, as compared with EAM group ( a ) or with CAM-susceptible 
group ( b ). 

 Table 1. Clinical characteristics of the patients

EAC
(n = 68)

EAM
(n = 72)

p

Mean age ± SD, years 65.1 ± 10.0 62.7 ± 11.1 0.71
Sex (male/female) 32/36 36/36 0.93
Diseases

Gastritis 45 44 0.78
Gastric ulcer 6 9 0.59
Duodenal ulcer 4 5 0.81
Follow-up of post-endoscopic
therapy for early gastric cancer 13 14 0.96

Clarithromycin resistance (%) 27/60 (45) 23/67 (34.3) 0.5

 EAC, clarithromycin-based triple therapy comprising esomeprazole and 
amoxicillin; EAM, metronidazole-based triple therapy comprising esomep-
razole and amoxicillin.
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(14/27) in EAC-treated patients harboring CAM-suscep-
tible and CAM-resistant  H. pylori  strains, respectively. In 
contrast, the eradication rates were 90.9% (40/44) and 
95.7% (22/23) in EAM-treated patients bearing CAM-
susceptible and CAM-resistant  H. pylori  strains, respec-
tively. Thus, lower eradication rates in the EAC group 
were associated with a lower rate of eradication in pa-
tients harboring CAM-resistant  H. pylori  strains . 

  Discussion 

 CAM-based triple therapy containing PPI and AMPC 
is frequently used as first-line eradication therapy against 
 H. pylori  infection in Japan  [13, 15] . Although the eradi-
cation rate achieved using this first-line regimen was re-
ported to be around 90% in 2001, the rate decreased to 
less than 80% by 2014  [13, 15] . The progressive increase 
in the incidence of CAM-resistant  H. pylori  strains is con-
sidered to be responsible for the decline in the eradication 
rate  [16, 17] . In this prospective randomized study, we 
compared the efficacy of EAM with that of EAC. We 
found that the eradication rate achieved with EAM was 
much higher than that achieved using EAC in the ITT and 
PP analyses. This finding was independent of the CAM 
susceptibility of the strain in the EAM group. On the oth-
er hand, the eradication rate achieved using EAC was 
much lower in patients harboring CAM-resistant strains 
than in those harboring CAM-susceptible strains. We 
found that the eradication rates achieved via EAC and 
EAM were comparable in patients harboring CAM-sen-
sitive  H. pylori  strains (87.9 vs. 90.9%). In contrast, the 
eradication rate achieved via EAM was much higher than 
that achieved via EAC against CAM-susceptible  H. pylori  

strains (51.9 vs. 95.7%). The percentage of CAM resis-
tance was 39.3%, whereas that of MNZ resistance was 
3.67%. In addition, no major adverse effects requiring 
discontinuation of eradication treatment were seen in 
both the EAC and EAM groups. Taken together, our re-
sults suggest that MNZ-based triple therapy containing 
PPI and AMPC is superior to CAM-based triple therapy 
as a first-line  H. pylori  eradication treatment owing to the 
high prevalence of CAM resistance and relatively lower 
prevalence of MNZ resistance. In line with our results, 
Nishizawa et al.  [13]  also claimed that MNZ-based ther-
apy was superior to CAM-based therapy.

  Vonoprazan (VPZ), a novel potassium-competitive 
acid blocker, has been recently used as first-line eradica-
tion of  H. pylori   [20–22] . Murakami et al.  [21]  report that 
the eradication rate achieved with first-line VPZ-based 
triple therapy containing CAM and AMPC was 92.6% 
and that achieved with second-line VPZ-based triple 
therapy containing MNZ and AMPC was 98.0%, even in 
the presence of CAM-resistant strains. Although the mo-
lecular mechanisms accounting for the high VPZ-medi-
ated eradication rates remain unknown, one possible 
explanation may be enhanced antimicrobial activity of 
CAM and AMPC in the presence of VPZ  [21] . VPZ, 
which demonstrates a potent ability to inhibit gastric acid 
production, is considered to create an environment where 
antimicrobials exert their optimal activity. Thus, CAM-
based triple therapy containing VPZ and AMPC could be 
an effective first-line treatment. It should be noted, how-
ever, that the eradication rates achieved with CAM-based 
triple therapy containing VPZ and AMPC have been re-
ported to be relatively low (86.3, 87.9%) in two studies 
 [20, 22] . Further clinical studies addressing the efficacy of 
CAM-based triple therapy containing VPZ and AMPC 
are required to determine the efficacy of this regimen, es-
pecially in the setting of CAM-resistant strains.

   H. pylori  eradication is the most effective approach for 
the prevention of gastric cancer. Eradication of this or-
ganism prevents metachronous development of gastric 
cancer in patients who have undergone endoscopic treat-
ment for early gastric cancer and demonstrate severe gas-
tric atrophy and/or intestinal metaplasia  [7] . Thus, erad-
ication of  H. pylori  is also effective for the prevention of 
gastric carcinogenesis even at advanced stages of chronic 
gastritis with precancerous mucosal abnormalities such 
as severe gastric atrophy and/or intestinal metaplasia. 
Currently, several eradication regimens against  H. pylori  
are available. Imprudent selection of eradication regi-
mens might cause the emergence and expansion of anti-
biotic-resistant strains without the prevention of gastric 

 Table 2. H. pylori eradication rates

EAC
(n = 68)

EAM
(n = 72)

p
(χ2 test)

Eradication rate (ITT) 48/68 (72.7) 66/72 (94.3) 0.00135
Eradication rate (PP) 48/66 (70.6) 66/70 (91.7) 0.000644

Clarithromycin susceptible 29/33 (87.9) 40/44 (90.9)
Clarithromycin resistant 14/27 (51.9) 22/23 (95.7)
p 0.00345 0.653

Data are presented as number/total number (%). EAC, clarithromycin-
based triple therapy comprising esomeprazole and amoxicillin; EAM, met-
ronidazole-based triple therapy comprising esomeprazole and amoxicillin; 
ITT, intention to treat; PP, per protocol.
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cancer. Future studies directly comparing the efficacy and 
safety of  H. pylori  eradication regimens are necessary to 
establish an appropriate regimen as a first-line treatment.

  In conclusion, MNZ-based triple therapy containing 
esomeprazole and AMPC is superior to CAM-based tri-
ple therapy containing esomeprazole and AMPC as first-
line eradication treatment against  H. pylori .
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Bmi1 expression showed significantly lower response rates 
upon subsequent anti-TNF-α therapy as compared to pa-
tients with low Bmi1 expression. In human CAC specimens, 
the expression of Bmi1 was upregulated in nontumor tissues 
as well as tumors.  Conclusions:  Bmi1 expression is related to 
a refractory clinical course of IBD and upregulated in refrac-
tory IBD and CAC. Measurement of Bmi1 expression is a 
promising approach for the advanced treatment and per-
sonalized management of IBD patients. 

 © 2017 S. Karger AG, Basel 

 Introduction 

 Colorectal cancer is one of the most common fatal ma-
lignancies worldwide  [1, 2] . Inflammatory bowel disease 
(IBD), comprising ulcerative colitis (UC) and Crohn’s 
disease (CD), is thought to result from aberrant activation 
of the intestinal immune system  [3]  and is a major risk 
factor for colorectal cancer, so-called colitis-associated 
cancer (CAC)  [4] . Indeed, patients with refractory IBD 
are at higher risk of colorectal cancer than individuals in 
the general population  [5] . Longstanding inflammation 

 Keywords 
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 Abstract 
  Background:  Although the stem cell marker Bmi1 is over-
expressed in many malignancies, its role in inflammation-
associated cancer is unclear. Colitis-associated cancer (CAC) 
is caused by chronic intestinal inflammation and often re-
sults from refractory inflammatory bowel disease (IBD). 
 Methods:  To assess the involvement of Bmi1 in the develop-
ment of CAC, we analyzed the gene expression of colon tis-
sues collected from 111 patients with IBD and CAC.  Results:  
In the colonic mucosa of patients with ulcerative colitis, the 
expression of Bmi1 correlated significantly with the expres-
sion of inflammatory cytokines such as IL-6, IL-17, IL-23, and 
tumor necrosis factor α (TNF-α). In the colonic mucosa of pa-
tients with Crohn’s disease, the expression of Bmi1 correlat-
ed significantly with the expression of TNF-α and IL-23. The 
expression of Bmi1 was enhanced in the colonic mucosae of 
refractory IBD, suggesting that Bmi1 expression might be re-
lated to increased cancer risk. In addition, patients with high 
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induces stress response proteins such as cold-inducible 
RNA-binding protein (CIRP), heat shock protein A4 
(HSPA4), and RNA-binding motif protein 3 (RBM3), 
which regulate apoptosis of inflammatory or epithelial 
cells and expansion of stem cells, leading to the develop-
ment of CAC  [6–8] . In addition, HSPA4 expression could 
predict poor therapeutic response to steroids in IBD pa-
tients. Recently, we reported that the oncoprotein 
gankyrin activates STAT3 in inflammatory cells and pro-
motes the development of CAC. In UC patients, refrac-
tory inflammation is associated with increased gankyrin 
expression in the colonic mucosa, which increases the 
risk for CAC  [9] . These data suggest that long-term in-
flammation would result in refractory clinical course and 
eventually the development of cancer in IBD.

  Cancer stem cells, the microenvironment, and the im-
mune system interact with each other through cytokines. 
In the context of chronic inflammation, immune re-
sponses would affect proliferation of stem cells and in-
crease the expression of stem cell markers  [10] . The ex-
pression of stress response proteins and gankyrin that 
functionally link between chronic inflammation and tu-
morigenesis in IBD is significantly correlated with that of 
the stem cell marker Bmi1  [6–9] . The polycomb group 
protein Bmi1 is frequently overexpressed in human spo-
radic colorectal cancer, and the degree of upregulation 
correlates with disease progression and is predictive of 
poor patient survival  [11] . In mice, Bmi1 is required for 
intestinal tumorigenesis  [12] . Here, we show a significant 
association between Bmi1 expression and chronic in-
flammation in IBD patients. This study represents the 
first report of the expression of Bmi1 in inflammation-
associated colorectal cancer that is associated with refrac-
tory clinical course. Bmi1 might be involved in the mech-
anistic connection between chronic inflammation and 
tumorigenesis in IBD.

  Materials and Methods 

 Human Samples 
 Between April 2011 and March 2013, 111 intestinal samples 

were obtained from IBD patients and were analyzed for the expres-
sion of several genes. CAC specimens were obtained from 10 pa-
tients who had undergone colorectal resection.

  Thirty colonic mucosal samples were obtained from IBD pa-
tients before the initiation of anti-tumor necrosis factor α (anti-
TNF-α) therapy, and the response to anti-TNF-α therapy was eval-
uated prospectively. Clinical response was assessed 8 weeks after 
the treatment. In UC patients, a responder was defined as a person 
experiencing a decrease of 3 points or more in the full Mayo score 
or a decrease of 2 points or more in the Mayo clinical score with a 

decrease of 1 point or more in the rectal bleeding subscore. In CD, 
clinical response was defined as a  ≥ 100-point decrease from the 
baseline CDAI score, or as a CDAI score <150 for patients with a 
baseline score  ≤ 248. The measurement of serum infliximab con-
centration was performed by KAC Co., Ltd. (Saitama, Japan).

  The clinical study protocol conformed to the ethical guidelines 
of the 1975 Declaration of Helsinki and was approved by the rel-
evant institutional review boards.

  Biochemical and Immunochemical Analyses 
 Real-time qPCR and immunohistochemistry were previously 

described  [13–16] . The following antibodies were used: anti-Bmi1, 
anti-CD3, anti-CD20, and anti-CD68 (Dako, Santa Clara, CA, 
USA). Immunohistochemistry was performed using ImmPRESS TM  
reagents (Vector Laboratory, Burlingame, CA, USA) according to 
the manufacturer’s recommendations. Nuclei were stained with 
4 ′ ,6-diamidino-2-phenylindole (DAPI).

  Statistical Analysis 
 Differences were analyzed using the Student  t  test. The rela-

tionship between the expression of several genes was analyzed by 
the Spearman rank correlation test.  p  values <0.05 were considered 
significant.

  Results 

 Association between Bmi1 and Cytokines in the 
Colonic Mucosa of Patients with IBD 
 In the colonic mucosa of IBD patients, longstanding 

intestinal inflammation increases the expression of 
stress response proteins including CIRP, RBM3, and 
HSPA4, whose expression correlates significantly with 
Bmi1 expression  [6–8] . Therefore, we explored whether 
an association exists between Bmi1 expression and cy-
tokine production in IBD patients. Bmi1 expression cor-
related weakly but significantly with TNF-α and IL-6 ex-
pression, with a linear coefficient of 0.42 and 0.48, re-
spectively in the colonic mucosa of UC patients ( Fig. 1 a, 
b). IL-23p19 is a specific subunit of IL-23 that acts as a 
positive regulator of T-helper IL-17-producing cell 
(Th17) and other IL-17-producing cells  [17] . The IL-23/
IL-17 pathway has been identified to play a critical role 
in IBD. A significant correlation was found between 
 Bmi1  and  IL-17A  or  IL-23p19  mRNA expression in UC 
patients ( Fig. 1 c, d).

  Currently, the biologics with regulatory approval for 
the management of CD include TNF antagonists and 
ustekinumab, a monoclonal antibody blocking the bio-
logical activity of IL-12 and IL-23  [18, 19] . Bmi1 expres-
sion correlated significantly with TNF-α and IL-23 ex-
pression, with a linear coefficient of 0.49 and 0.48, respec-
tively in the colonic mucosa of CD patients ( Fig. 2 a, b).
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  Increased Bmi1 Expression Seen in Refractory IBD 
Predicts Poor Response to Anti-TNF-α Therapy 
 Bmi1 expression levels were increased in patients with 

refractory IBD associated with long-term inflammation 
compared with those in controls or IBD patients in remis-
sion  [7] . Immunohistochemistry was performed to iden-
tify the cells expressing Bmi1 in the human intestine. 
Nonparenchymal cells as well as epithelial cells were 
found to express Bmi1 protein ( Fig. 3 a). In chronically 
inflamed mucosa, Bmi1 expression was enhanced in non-
parenchymal cells ( Fig. 3 a).

  We next explored whether an association exists be-
tween Bmi1 expression and clinical response to anti-

TNF-α therapy. Thirty colonic mucosal samples were 
obtained from IBD patients before the initiation of anti-
TNF-α therapy, and the response to anti-TNF-α therapy 
was evaluated prospectively. Among the 30 IBD pa-
tients treated with anti-TNF-α therapy and evaluated 
prospectively, 9 turned out to be resistant to anti-TNF-α 
therapy. We then determined the correlation of the ex-
pression level of Bmi1 to the clinical outcome of anti-
TNF-α therapy. The expression level of Bmi1 in the co-
lonic mucosa was 2.10 ± 0.23 in patients without subse-
quent clinical response to anti-TNF-α therapy, whereas 
we detected expression levels of 1.28 ± 0.14 in patients 
with clinical response. Patients with high expression of 
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  Fig. 1.  Association between Bmi1 and in-
flammatory cytokines in ulcerative colitis. 
The colonic mucosae were obtained from 
patients with ulcerative colitis, and gene 
expression was determined by quantitative 
real-time qPCR. Scatter plots of relative 
mRNA levels of Bmi1 and tumor necrosis 
factor α (TNF-α) ( a ), IL-6 ( b ), IL-17 ( c ), 
and IL-23 ( d ) are shown. 

  Fig. 2.  Association between Bmi1 and in-
flammatory cytokines in Crohn’s disease. 
The colonic mucosae were obtained from 
patients with Crohn’s disease, and gene ex-
pression was determined by quantitative 
real-time qPCR. Scatter plots of relative 
mRNA levels of Bmi1 and tumor necrosis 
factor α (TNF-α) ( a ) and IL-23 ( b ) are 
shown. 
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Bmi1 showed significantly lower response rates upon 
anti-TNF-α therapy as compared to those with low 
Bmi1 expression ( Fig. 3 b). There was no significant dif-
ference in age, disease duration, serum C-reactive pro-
tein, hemoglobin, or endoscopic findings evaluated us-
ing Mayo score between anti-TNF-α therapy respond-
ers and nonresponders ( Table  1 ). During anti-TNF-α 
therapy, the trough levels of anti-TNF-α agents were 
significantly higher in responders than in nonre-
sponders ( Fig. 3 c).

  Bmi1 Expression Is Enhanced in Human CAC 
 Immunohistochemistry showed that Bmi1 was ex-

pressed in the mesenchyme of refractory IBD patients 
( Fig. 3 a). As expected, the Bmi1-positive cell population 
was distinct from CD3-, CD20-, or CD68-expressing dif-
ferentiated cells ( Fig. 4 a–c). The expression of Bmi1 was 
enhanced in the colonic mucosae of refractory IBD  [7] , 
suggesting that Bmi1 expression might be related to in-
creased risk for CAC. Consistently, Bmi1 expression was 
increased in 9 of 10 CACs we examined. Both cancer cells 
and lamina propria cells expressed Bmi1 protein in hu-
man CAC ( Fig. 4 d).
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  Fig. 3.  Increased Bmi1 expression seen in refractory inflammatory 
bowel disease (IBD) predicts poor response to anti-tumor necrosis 
factor α (anti-TNF-α) therapy.  a  Representative images of immu-
nohistochemical findings in human colonic mucosa of patients 
without IBD and those with refractory IBD using anti-Bmi1 anti-
body.  b  Relative levels of Bmi1 in colonic tissues of IBD patients 

before the initiation of anti-TNF-α therapy, as determined by real-
time qPCR (responders,  n  = 21; nonresponders,  n  = 9). The expres-
sion level in colonic mucosa of controls was set as 1.  c  The inflix-
imab trough level was determined in patients with IBD. Each dot 
represents an individual point of infliximab (IFX) trough level 
measurements. UC, ulcerative colitis. 
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  Discussion 

 Inflammation is a common and important factor in 
the pathogenesis of cancer  [20] . It has become apparent 
that the interaction between transformed cells and their 
close surrounding, including innate immune cells, fibro-
blasts, and endothelial cells, can be instrumental in the 
development of many tumors, especially in the context of 
chronic inflammation  [21, 22] . However, the underlying 
molecular processes involved in this interaction remain 
to be elucidated. In humans, Bmi1 expression was sig-

nificantly correlated with the expression of inflammatory 
cytokines, including IL-17 and IL-23. IL-23/IL-17 signal-
ing enhances the immunosuppressive activity of regula-
tory T cells and reduces CD8+ cells in tumor, leading to 
enhanced tumor initiation and promotion  [23, 24] . A re-
cent study suggested that colorectal cancer tissue-derived 
Foxp3+IL-17+ cells have the capacity to induce cancer-
initiating cells in vitro  [25] . Chronic inflammation con-
tributes to the expansion of stem cells, leading to the de-
velopment of cancer  [10] . Bmi1 might act as a link be-
tween chronic inflammation and tumorigenesis in IBD.
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  Fig. 4.  Bmi1 expression is enhanced in colitis-associated cancer.  a–c  Representative images of immunohisto-
chemical detection of Bmi1 and CD3 ( a ), CD20 ( b ), or CD68 ( c ) in colonic tissues from refractory inflamma-
tory bowel disease patients.  d  Representative images of immunohistochemical findings in human colonic mu-
cosa of patients with colitis-associated cancer using anti-Bmi1 antibody. Scale bar, 100 μm. DAPI, 4 ′ ,6-diamidi-
no-2-phenylindole.       
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  IBD is associated with an increased risk of developing 
colorectal cancer  [5] . Most cases are believed to arise from 
dysplasia, and surveillance colonoscopy is therefore rec-
ommended to detect dysplasia. Early detection of CAC/
dysplasia is typically achieved by colonoscopic surveillance 
with multiple biopsies or alternatively by chromoendos-
copy with targeted biopsies of all suspect areas  [26] . How-
ever, such surveillance programs have a number of limita-
tions such as low yield, high cost, invasiveness, incomplete 

patient enrollment, sampling variations, and poor agree-
ment in histopathological interpretation  [27] . If a patient’s 
specific risk for developing colorectal cancer is determined 
more precisely, surveillance strategies could be appropri-
ately personalized and surveillance programs would make 
considerable progress. No molecular markers are routine-
ly used to stratify IBD patients into groups at low or high 
risk of developing CAC/dysplasia  [28] . We have shown 
significantly increased Bmi1 expression in mucosal speci-
mens from patients with refractory IBD that is reported to 
be associated with increased cancer risk  [4, 7] . High levels 
of Bmi1 expression represented a lower response rate upon 
subsequent anti-TNF-α therapy. Thus, Bmi1 expression 
reflects the presence of refractory inflammation and is 
therefore a potential marker for predicting the risk of CAC 
development. Indeed, Bmi1 expression was increased in 
human CAC tissues. Analyzing the Bmi1 level in colonos-
copy specimens may be utilized to predict the risk of cancer 
and the prognosis of IBD patients.

  Taken together, Bmi1 expression is involved in the re-
fractory clinical course of IBD and upregulated in refrac-
tory IBD and CAC. These findings may allow us to fur-
ther understand the pathogenesis of CAC and also guide 
personalized and stratified therapeutics.
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Table 1.  Clinical characteristics of patients undergoing anti-TNF-α 
therapy

Responders
(n = 21)

Nonresponders
(n = 9)

p
value

Age, years 42 ± 18 42 ± 19 0.98
Sex (M/F) 13/8 6/2
Disease duration, years 4.4 ± 4.2 7.9 ± 8.3 0.16
Extent of disease 0.72

UC
Pancolitis 6 4
Left colitis 6 2

CD
Ileitis 6 1
Ileocolitis 2 2
Colitis 1 0

CRP, mg/dL 1.7 ± 1.5 2.7 ± 3.8 0.27
Albumin, g/dL 3.5 ± 0.76 3.2 ± 0.75 0.34
CMV infection (+/–) 0/21 1/8 0.30
Mayo endoscopic score 2.7 ± 0.43 2.8 ± 0.44 0.96

 Results are expressed as means ± SD, unless otherwise indi-
cated. The presence of cytomegalovirus (CMV) in the colonic mu-
cosa was assessed by PCR. UC, ulcerative colitis; CD, Crohn’s dis-
ease; CRP, C-reactive protein.
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 Prophylactic Suturing Closure Is Recommended 
after Endoscopic Treatment of Colorectal Tumors 
in Patients with Antiplatelet/Anticoagulant 
Therapy 
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 A 70-year-old man was admitted to our hospital with 
a diagnosis of 2 large flat colorectal tumors. He had un-
dergone rectal resection for rectal cancer 3 years before 
and the postsurgery surveillance colonoscopy showed 2 
colorectal laterally spreading tumors, each measuring 20 
and 30 mm in diameter, at the transverse and the de-
scending colon, respectively. A stent had been implanted 
due to abdominal aortic aneurysm 3 years before. There-
after, he had been taking aspirin (81 mg/day). He had no 
known allergies, and he drank alcohol occasionally and 
did not smoke tobacco.

  Endoscopic submucosal dissection (ESD) was per-
formed for the 2 colorectal lesions at the same time. An-
tiplatelet therapy was continued due to high risk of 
thrombosis after the withdrawal. A larger post-ESD mu-
cosal defect was sutured using endoclips, but not for a 
smaller one. The next day after ESD, he complained of 
rectal bleeding. Endoscopy confirmed the source of bleed-
ing was the smaller post-ESD mucosal defect without 
prophylactic closure ( Fig. 1 a), but not the larger mucosal 
wound with prophylactic closure ( Fig. 1 b). Histopatho-

 Keywords 
 Endoscopic submucosal dissection · Laterally spreading 
tumor · Clip 

 Abstract 
 The prophylactic closure of mucosal defects after endo-
scopic resection is known to prevent postoperative bleed-
ing in colorectal lesions. However, closure of large mucosal 
defects is difficult with conventional clips only, and several 
closure techniques have been previously described; use of 
an Endoloop, 8-ring loop, or loop clip and a small incision 
around the mucosal defect. Given that the prophylactic clo-
sure requires much cost and time, the application should be 
limited to high-risk cases. Medication of antithrombotics or 
antiplatelet agents would be one of the reasonable indica-
tions for prophylactic closure of mucosal defects after en-
doscopic resection of colorectal tumors. 

 © 2017 S. Karger AG, Basel 
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logical examination showed that the larger one was an 
intramucosal well-differentiated adenocarcinoma with-
out lymphovascular involvement and the smaller one was 
a sessile serrated adenoma/polyp. Neither recurrence nor 
complications were found 4 years after endoscopic resec-
tion.

  A large mucosal defect is made after colorectal ESD, 
which can be associated with complications such as per-
foration and bleeding. The prophylactic closure of muco-
sal defects after endoscopic resection is known to prevent 
postoperative bleeding and transmural burn syndrome in 
colorectal lesions  [1] . In a retrospective study, prophy-
lactic clip closure after endoscopic resection of sessile 
colorectal polyps or flat colorectal lesions 2 cm or larger 
was reported to be effective for preventing delayed bleed-

ing  [2] . The currently available clips can be delivered 
through the endoscope (through-the-scope clips: TT-
SCs): Quick Clip (Olympus Japan Inc., Natick, MA, Unit-
ed States), Resolution Clip (Boston Scientific Inc., Natick, 
MA, USA), and Instinct Clip (Cook Medical Inc., Bloom-
ington, IN, USA). Over-the-scope clips (OTSC system; 
Ovesco Endoscopy AG, Tübingen, Germany) are also 
available. Closure of large mucosal defects is difficult with 
conventional clips only, and several closure techniques 
have been previously described; use of an Endoloop, 
8-ring loop, or loop clip and a small incision around the 
mucosal defect  [3] . The procedure used in our case is de-
scribed as follows ( Fig. 2 ): a ring-shaped nylon loop (2–
3 mm in diameter) was attached to a conventional clip, 
and the 1st clip with a small loop was placed at an edge of 

Mucosal defect with bleeding Mucosal defect without bleedinga b

Mucosal defect

  Fig. 1.   a  Endoscopic image of delayed 
bleeding from the mucosal defect after en-
doscopic submucosal dissection (ESD), 
which had not been sutured after the pro-
cedure.  b  Endoscopic image of the ESD site 
of the larger lesion that had been sutured 
using clips. At this site, no bleeding was 
found after ESD. 

  Fig. 2.  Endoscopic closure of a large muco-
sal defect using a clip with a ring-shaped 
nylon loop. 
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the mucosal defect. We put one blade of the 2nd clip 
through the small loop attached to the 1st clip and then 
placed the 2nd clip at the opposite side of the 1st clip be-
yond the mucosal defect. It is important that the 1st and 
the 2nd clips are placed at the points across the maximal 
diameter, which moves the edges of the mucosal defect 
closer to each other and makes the subsequent clipping 
procedure easier. Clips were   placed   in zipper fashion to 
completely close the resection site. Given that the pro-
phylactic closure requires much cost and time, the appli-
cation should be limited to high-risk cases. The present 
case suggests that medication of antithrombotics or anti-
platelet agents would be one of the reasonable indications 
for prophylactic closure of mucosal defects after endo-
scopic resection of colorectal tumors.
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colonoscopy performed between January 2010 and Decem-
ber 2016 at Kindai University Hospital were used. These im-
ages were extracted from the video of actual endoscopic 
examinations. Additional video images from 10 cases of un-
learned processes were retrospectively assessed in a pilot 
study. They were simply diagnosed as either an adenoma-
tous or nonadenomatous polyp.  Results:  The number of im-
ages used by AI to learn to distinguish adenomatous from 
nonadenomatous was 1,200:   600. These images were ex-
tracted from the videos of actual endoscopic examinations. 
The size of each image was adjusted to 256 × 256 pixels. A 
10-hold cross-validation was carried out. The accuracy of 
the 10-hold cross-validation is 0.751, where the accuracy is 
the ratio of the number of correct answers over the number 
of all the answers produced by the CNN. The decisions by 
the CNN were correct in 7 of 10 cases.  Conclusion:  A CNN-
CAD system using routine colonoscopy might be useful for 
the rapid diagnosis of colorectal polyp classification. Further 
prospective studies in an in vivo setting are required to con-
firm the effectiveness of a CNN-CAD system in routine colo-
noscopy.  © 2017 S. Karger AG, Basel 

 Keywords 
 Computer-aided diagnosis · Convolutional neural network · 
Artificial intelligence · Colon polyp classification · Deep 
learning 

 Abstract 
  Background and Aim:  Computer-aided diagnosis (CAD) is 
becoming a next-generation tool for the diagnosis of hu-
man disease. CAD for colon polyps has been suggested as a 
particularly useful tool for trainee colonoscopists, as the use 
of a CAD system avoids the complications associated with 
endoscopic resections. In addition to conventional CAD, a 
convolutional neural network (CNN) system utilizing artifi-
cial intelligence (AI) has been developing rapidly over the 
past 5 years. We attempted to generate a unique CNN-CAD 
system with an AI function that studied endoscopic images 
extracted from movies obtained with colonoscopes used in 
routine examinations. Here, we report our preliminary re-
sults of this novel CNN-CAD system for the diagnosis of co-
lon polyps.  Methods:  A total of 1,200 images from cases of 
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 Introduction 

 It is now generally accepted that most colorectal can-
cers originate from adenomas  [1–3] . This notion, called 
the “adenoma-carcinoma sequence,” has been support-
ed by clinical observational studies in which early detec-
tion and removal of adenomas efficiently prevented the 
development of colon cancers  [1–3] . The majority of 
small colorectal polyps are hyperplastic polyps with little 
or no ability to differentiate into colorectal cancer  [4] . 
Therefore, accurate and objective diagnosis of small 
colorectal polyps reduces unnecessary biopsies and en-
doscopic resections, which helps avoid the complica-
tions associated with endoscopic procedures. However, 
it is sometimes difficult even for well-experienced en-
doscopists to discriminate between hyperplastic polyps 
and adenomas by conventional white-light observation, 
image-enhanced endoscopy, and chromoendoscopy  [5] . 
Establishment of an accurate and objective diagnostic 
tool for the classification of colon polyps would be very 
useful for both experienced endoscopists and appren-
tices. 

  Computer-aided diagnosis (CAD) is becoming a next-
generation tool for the diagnosis of human disease  [6] . 
The CAD of colon polyps has been reported on previ-
ously  [7–16] . Previous studies have reported the useful-
ness of CAD for colon polyps. CAD for colon polyps has 
been suggested as a particularly useful tool for trainee 
colonoscopists, as the use of a CAD system helps avoid 
the complications associated with endoscopic resections 

 [9–11] . Moreover, the higher rate of correct diagnoses us-
ing a CAD system also suggests the potential for this di-
agnostic tool to improve the quality of colonoscopic ex-
aminations. 

  In addition to conventional CAD, a convolutional 
neural network (CNN) system utilizing artificial intelli-
gence (AI) has been developing rapidly over the past 5 
years. This system is widely used to recognize human fac-
es on Facebook and in the Google images tool  [17] . We 
hypothesized that a CNN system based on CAD utilizing 
AI might achieve a higher diagnostic accuracy than con-
ventional CAD without CNN or AI for colorectal polyps. 
Hence, we attempted to generate a unique CNN-CAD 
system with an AI function that studied endoscopic im-
ages extracted from movies obtained with colonoscopes 
used in routine examinations. Here, we report our pre-
liminary results of this novel CNN-CAD system for the 
diagnosis of colon polyps.

  Methods 

 A total of 1,200 images from cases of colonoscopy performed 
between January 2010 and December 2016 at Kindai University 
Hospital were used. These images were extracted from the video 
of actual endoscopic examinations. Additional video images 
from 10 cases of unlearned processes were retrospectively as-
sessed in a pilot study. They were simply diagnosed as either an 
adenomatous or nonadenomatous polyp. This was a collabora-
tive study between the Department of Gastroenterology and 
Hepatology, Faculty of Medicine, and the Faculty of Science and 
Engineering at Kindai University. This study was approved by 

Output
Input
image

Convolution
ConvolutionPooling Pooling

Adenomatous

Nonadenomatous

  Fig. 1.  Functional architecture of a convolutional neural network. 
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the Ethics Committee of the Kindai University Faculty of Medi-
cine. The procedures followed were in accordance with the 
guidelines of the World Medical Association’s Declaration of 
Helsinki.

  CNN is a type of artificial neural network that imitates the func-
tion of the receptive fields in the human brain. A CNN is one of 
the major algorithms in deep learning and is a state-of-the-art 
method in image and speech recognition.

  The functional architecture of a CNN is illustrated in  Figure 1 : 
the CNN perceives an image as an input, and the output is a class 
label corresponding to the input image. For instance, the class la-
bels in this study consist of “adenomatous” and “nonadenoma-
tous.” As depicted in  Figure 1 , there are several kinds of layers in 
the CNN. Each neuron in a layer is connected to the corresponding 
neurons in the previous layer.

  An input image is presented to the first layer, i.e., the left side 
of  Figure 1 . The number of neurons in the first layer is equal to the 
number of pixels in the input image (in a gray-scaled image) or 3 
times the number of pixels (in a color image). There are 2 kinds of 
information processing which are applied iteratively: convolution 
and pooling.

  The convolution process works as a filter that extracts features 
from images or data in the previous layer. Note that  Figure 1  is just 
a simplified explanation of a CNN. There are a large number of 
filters in the convolution that are applied simultaneously. The pa-
rameter of the filters, which defines the feature to be extracted, is 
adjusted by learning algorithms. The size of the filters is smaller 
than that of the layer, so that the filter is repeatedly applied within 
a stratum. 

  The pooling process selects the strongest activated value for a 
feature in a local area that is extracted in the convolution. Through 
pooling, even if the image is shifted slightly, the classification re-
sults are not affected and the size of the layer is reduced by a quar-
ter, as delineated in  Figure 1 .

  For the final layer, all the neurons in one layer are connected to 
all the neurons in the previous layer. For each connection, a pa-
rameter is associated that is also adjusted by learning. The number 
of neurons in the final layer is equivalent to the number of class 
labels to be recognized. By using the softmax function, the output 
of the CNN can be represented as a probability.

  Results 

 The number of images used by AI to learn to distin-
guish adenomatous from nonadenomatous was 1,200:  
 600. These images were extracted from the videos of ac-
tual endoscopic examinations. The size of each image was 
adjusted to 256 × 256 pixels. A 10-hold cross-validation 
was carried out. The accuracy of the 10-hold cross-vali-
dation is 0.751, where the accuracy is the ratio of the num-
ber of correct answers over the number of all the answers 
produced by the CNN. The images used for AI learning 
include images using conventional white-light and nar-
row-band imaging (NBI) and chromoendoscopy.

PA = 1.0
PN = 0.0
Incorrect 

PA = 1.0
PN = 0.0
Incorrect 

PA = 1.0
PN = 0.0
Correct 

PA = 0.0
PN = 1.0
Correct 

PA = 1.0
PN = 0.0
Correct 

PA = 1.0
PN = 0.0
Correct 

PA = 0.004
PN = 0.0.996
Incorrect 

PA = 0.117
PN = 0.0.883
Correct

PA = 1.0
PN = 0.0
Correct

PA = 0.0
PN = 1.0
Correct

  Fig. 2.  Experimental results for unlearned data: P A  and P N  stand for the probabilities of adenomatous and non-
adenomatous, respectively. These probabilities are the output generated by the convolutional neural network. 
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  Ten additional images of unlearned endoscopic mov-
ies were applied as a test, as shown in  Figure 2 . These im-
ages were not used in the training of the CNN. 

  The output of the CNN was presented as probabilities: 
P A  = adenomatous and P N  = nonadenomatous. The out-
put with the higher probability was regarded as a decision 
by the CNN. The final evaluation of our CNN was to com-
pare the results of pathological examinations. The deci-
sions by the CNN were correct in 7 of 10 cases.

  Discussion 

 Removal of colon adenomas has been established as 
the most efficient strategy for the prevention of colorec-
tal cancers  [1–3] . It should be noted, however, that small 
colorectal polyps include both adenomatous polyps and 
nonadenomatous polyps, the latter of which have little 
or no possibility to differentiate into colorectal cancers 
 [4] . Thus, discrimination of adenomatous polyps from 
nonadenomatous polyps by endoscopic resection is very 
important to avoid unnecessary removal of colorectal 
tumors. Although an accurate diagnosis of adenomatous 
and nonadenomatous polyps by endoscopic findings is 
absolutely necessary to avoid unnecessary resection of 
colon polyps, an accurate endoscopic diagnosis of small 
colorectal polyps is sometimes difficult even for well-
trained colonoscopists. Thus, an accurate and reliable 
diagnostic system is required to discriminate between 
adenomatous and nonadenomatous polyps in endo-
scopic findings. 

  The use of CAD technology has the potential to be-
come a novel diagnostic tool for colorectal tumors. Au-
tomatic diagnosis by computer in the CAD system may 
increase the diagnostic accuracy and reduce the number 
of unnecessary biopsies and endoscopic resections. As a 
result, this diagnostic system has the potential to avoid 
the complications related to unnecessary endoscopic 
procedures. Initial studies report the usefulness of CAD 
for colorectal polyps using still images obtained from 
magnifying NBI observations  [12, 13] . As opposed to 
CAD using still images, 2 Japanese groups have devel-
oped CAD with real-time endoscopy  [14, 15] . These re-
al-time CAD systems are operated during the actual en-
doscopic observation. Moreover, Japanese researchers 
have successfully developed an automated CAD using 
endocytoscopy based on automated extraction of ultra-
magnified nuclear features followed by machine-learn-
ing analysis from the same group  [9–11] . Thus, a wide 
variety of CAD systems are available at present. Impor-

tantly, the diagnostic accuracy of these novel methods is 
higher than that achieved by endoscopic diagnosis by 
less-experienced endoscopists  [9–11] . 

  In this study, we tried to establish a novel CAD system 
based on CNN and AI. A CNN system is one of the ma-
jor algorithms in deep learning for AI  [17] . Deep learn-
ing is a more sophisticated machine-learning method 
used for computer vision. CNN has the advantage of be-
ing able to learn from large data and has led to high ac-
curacy and rapid processing time. Although a CNN-
CAD system has been employed for colorectal polyps by 
using still images of chromoendoscopy in 1 report  [17] , 
no studies have used images extracted from movies of 
real-time routine colonoscopy. Thus, to our knowledge, 
this is the first report on the utility of CNN based on 
CAD using real-time endoscopy images. This pilot study 
demonstrates that our newly developed CNN-CAD sys-
tem with endoscopic movies might be useful as a fully 
computer-automated instant diagnostic tool for distin-
guishing neoplastic changes in colorectal lesions. The di-
agnostic accuracy for distinguishing nonadenomatous 
from adenomatous polyps was 70%. The diagnostic ac-
curacy for our CNN-CAD system is not satisfactory at 
present as compared to previous reports  [7–16] . In this 
regard, we assume that deep learning with 600 or 1,200 
images might not be sufficient and, therefore, attribute 
the relatively low performance to the low number of im-
ages. 

  Alternatively, learning with NBI or pit pattern photo-
graphs, rather than conventional white-light photo-
graphs, might lead to higher rates of accurate diagnoses, 
since the former photographs provide clearer features 
than the latter photographs. In any case, a large number 
of test cases are absolutely necessary to evaluate the use-
fulness of our CNN-CAD system. Nonetheless, our 
CNN-CAD system would still be an attractive choice, 
since the decision-making process with regard to the re-
moval of colorectal polyps might be simplified by appli-
cation of this system, especially for less-experienced 
colonoscopists. Although our CNN-CAD system with 
colonoscopy videos was applied to discriminate between 
adenomatous and nonadenomatous polyps in this initial 
trial, it might be possible to perform differential diagno-
ses for adenoma, early cancer, and advanced cancer in 
the future. If our CNN-CAD system can perform an ob-
jective evaluation of colorectal tumors, it seems likely 
that medical malpractice resulting from misdiagnosis 
could be reduced.
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  Conclusion 

 A CNN-CAD system using routine colonoscopy might 
be useful for the rapid diagnosis of colorectal polyp clas-
sification. Further prospective studies in an in vivo setting 
are required to confirm the effectiveness of a CNN-CAD 
system in routine colonoscopy.

  Disclosure Statement 

 The authors have no conflicts of interest to declare.
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antithrombotic therapy and rectal tumor location were 
strongly associated with POB following colorectal ESD. The 
incidence of POB was higher in patients on heparin bridge 
therapy (HBT) for the replacement of antithrombotic therapy 
than in patients with no HBT. Four of 7 patients (57.1%) on 
antithrombotic therapy experienced POB from the rectal le-
sions.  Conclusion:  Antithrombotic therapy and rectal lesions 
result in a higher POB incidence after colorectal ESD. 

 © 2017 S. Karger AG, Basel 

 Introduction 

 It is now generally accepted that the colonoscopic re-
moval of adenomatous polyps or early cancer prevents 
death from colorectal cancer  [1] . Pedunculated colorectal 
polyps and flat or depressed colorectal tumors are good 
indications for endoscopic polypectomy (EP) and endo-
scopic mucosal resection (EMR), respectively  [2, 3] . Al-

 Keywords 
 Colorectal tumors · Endoscopic submucosal dissection · 
Postoperative bleeding  

 Abstract 
  Background:  Colonoscopic removal of adenomatous polyps 
or early cancer prevents death from colorectal cancer. Endo-
scopic submucosal dissection (ESD), which enables endosco-
pists to perform en bloc resection of flat or depressed colo-
rectal tumors >20 mm, has recently been introduced and be-
come a standard procedure in Japan. Although postoperative 
bleeding (POB) is a major complication associated with ESD, 
risk factors for POB have not been fully identified.  Methods:  
A total of 451 patients (509 lesions) who underwent colorec-
tal ESD were retrospectively analyzed to identify clinical pa-
rameters associated with POB.  Results:  POB occurred in 14 
patients, and 7 of them had received antithrombotic therapy 
before ESD. Uni- and multivariate analyses revealed that 
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though EMR is widely used for endoscopic removal of flat 
or depressed colorectal tumors, en bloc resection of le-
sions >20 mm is difficult using EMR  [4–6] . A fragmented 
resection technique called endoscopic piecemeal mucosal 
resection is often employed in such cases  [4–6] , but a high 
incidence of local recurrence has been reported in colorec-
tal tumors treated with this resection technique  [4–6] . 
Endoscopic submucosal dissection (ESD), which allows 
en bloc resection of flat or depressed colorectal tumors 
>20 mm, has recently been introduced and become a 
standard procedure in Japan  [4–6] . In fact, many studies 
addressing the efficacy of ESD show that the rates of en 
bloc and curative resection are higher in patients treated 
with ESD than in those treated with EMR  [7–11] . In con-
trast, the local recurrence rate was lower in patients treat-
ed with ESD than in those treated with EMR  [7–11] . Thus, 
colorectal ESD has enabled the resection of large flat or 
depressed colorectal tumors as well as a wide variety of 
adenomas and early colorectal cancers.

  As in case of EP and EMR  [12, 13] , postoperative 
bleeding (POB) and perforation are both major compli-
cations associated with ESD  [14] . The percentages of POB 
following colorectal ESD  [7, 11, 14]  are highly variable, 
ranging from 0.5 to 9.6%. Although the POB rate was low-
er following colorectal ESD than colorectal EMR in a me-
ta-analysis  [2] , life-threatening bleeding requiring blood 
transfusion may occur in patients treated with ESD. 
Therefore, risk factors for POB following colorectal ESD 
need to be identified.

  Antithrombotic therapy with anticoagulants or anti-
platelet agents is widely used for the prevention of isch-
emic cardiovascular events  [15–17] . Although antithrom-
botic therapy is effective for the prevention of ischemic 
cardiovascular events, the recent use of anticoagulants or 
antiplatelet agents is considered a major risk factor for 
POB following EP and EMR  [18–20] . According to the 
recent guidelines of the Japan Gastroenterological En-
doscopic Society (JGES), anticoagulants or antiplatelet 
agents should not be discontinued before endoscopic 
procedures with low risk of bleeding since the withdraw-
al of these drugs may cause new-onset cardiovascular 
events  [21] . On the contrary, anticoagulants or antiplate-
let agents must be discontinued in patients bearing a low 
risk of thromboembolism following withdrawal or re-
placed by heparin bridge therapy (HBT) in patients at 
high risk of thromboembolism following withdrawal be-
fore endoscopic procedures with a high risk of bleeding, 
such as EMR and ESD  [21] . Recent retrospective studies 
addressing the safety and efficacy of HBT in colorectal 
EMR and EP revealed that HBT increases rather than de-

creases the risk of POB  [22–24] . It should be noted, how-
ever, that clinical studies addressing the safety and effi-
cacy of HBT in colorectal ESD are not available. Here, we 
performed a retrospective analysis to identify the risk fac-
tors for POB in patients who underwent colorectal ESD 
with or without antithrombotic therapy.

  Patients and Methods 

 Patients 
 This study was a retrospective analysis addressing the safety 

and efficacy of colorectal ESD. A total of 451 patients (509 lesions) 
who underwent colorectal ESD at the Kindai University Hospital 
between April 2010 and February 2017 were enrolled in this study. 
The Review Board of the Kindai University Faculty of Medicine 
approved the study design and procedures. 

  Clinical parameters were obtained from each patient’s medical 
records. They included age, sex, anticoagulant use, antiplatelet 
agent use, platelet count, prothrombin time (PT), activated partial 
thromboplastin time (APTT), serum creatinine level, colorectal 
tumor size, endoscopic tumor appearance (0–IIa, 0–IIa + IIc, 0–
IIc, 0–IIc + IIa, 0–Is, 0–Is + IIc, laterally spreading tumor granular 
[LST-G] homogenous type, LST-G nodular mixed type, LST-non-
granular [LST-NG] flat elevated type, and LST-NG pseudode-
pressed type), tumor histology, and tumor location. Tumor loca-
tion was classified into cecum, ascending colon, transverse colon, 
descending colon, sigmoid colon, and rectum.

  Management of Anticoagulants and Antiplatelet Agents 
 Warfarin, dabigatran, rivaroxaban, and edoxaban were used as 

anticoagulants in this study, while aspirin, ticlopidine, beraprost, 
cilostazol, eicosapentaenoic acid ethyl ester, and clopidogrel were 
used as antiplatelet agents. The discontinuation of anticoagulants 
and/or antiplatelet agents or replacement by HBT was determined 
by each primary doctor after consultation with cardiologists or 
neurosurgeons. The discontinuation periods of the above drugs 
were determined based on the JGES guidelines  [21] . HBT was per-
formed using unfractionated heparin sodium, and the dose of hep-
arin was adjusted by monitoring APTT (1.5- to 2.0-fold above the 
upper limit). HBT was started 3–5 days before ESD and stopped 
6 h before ESD. Anticoagulants and antiplatelet agents were re-
sumed 1 or 2 days after ESD.

  ESD Procedure 
 Colorectal ESD was performed under the condition of con-

scious sedation with midazolam or diazepam. We used a PCF-
290Z colonoscope (Olympus) with a transparent hood and irriga-
tion pump. Carbon dioxide insufflation was used during the pro-
cedure. Sodium hyaluronic acid and adrenaline were injected into 
the submucosal layer to create a submucosal cushion. A flush knife 
BTS (DK-2620J; Fujifilm) or a DualKnife J (KD-655Q; Olympus) 
was used to dissect the lesion. The setting of the VIO ®  300 D (Elec-
trosurgical Generator) were Endocut I (effect 2, time 3, interval 3) 
for mucosal incisions, swift coagulation (effect 3/40 W) for sub-
mucosal dissections, and soft coagulation (effect 6/80 W) for 
bleeding points; for preventive occlusions of vessels, hemostatic 
forceps were used. At the end of the procedure, additional coagula-
tion was carefully performed to prevent delayed bleeding.
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  Postoperative Bleeding 
 Emergent colonoscopy was performed in cases of melena. POB 

was defined as active bleeding or an adherent clot on the resection 
site that required endoscopic treatment.

  Statistical Analysis 
 The Student  t  test or   Fisher exact   test was used in univariate 

analyses. Values of  p  < 0.05 were considered significant. Clinical 
factors that were significant in univariate analysis were subjected 
to multivariate analysis.

  Results 

 Flow Diagrams of Patient Selection and Treatment 
Allocation  
 Four hundred and fifty-one patients (509 lesions) who 

underwent colorectal ESD were enrolled in this study. A 
total of 48 patients (52 lesions) received antithrombotic 
therapy before ESD. Of them, 17 (18 lesions) were treated 
with anticoagulants with or without antiplatelet agents, 
and 31 (34 lesions) were treated with antiplatelet agents 
alone. Six patients were treated with both anticoagulants 
and antiplatelet agents. The 48 patients (52 lesions) who 
received antithrombotic therapy before ESD were catego-
rized into the HBT group (8 patients) and no-HBT group 

(40 patients). Patients in the no-HBT group had discon-
tinuation of anticoagulants or antiplatelet agents (17 pa-
tients), continuation of anticoagulants or antiplatelet 
agents before ESD (14 patients), and continuation of 1 
anticoagulant or antiplatelet agent in the case of >2 drugs 
before ESD (9 patients). A flow diagram of the patient se-
lection and treatment allocation is shown in  Figure 1 .

  Risk Factors for POB following Colorectal ESD 
 Although POB is a common complication of colorec-

tal ESD, its risk factors have not been identified. Previous 
studies showed that multiple factors such as size, pedun-
culated form, and proximal location increase the rate of 
POB following EP  [19, 25, 26] . In addition, antithrom-
botic therapy, hypertension, chronic renal disease, car-
diovascular disease, and advanced age were identified as 
patient-associated risk factors for delayed bleeding  [18–
20] . Based on these previous reports, we performed a uni-
variate analysis of the clinical parameters in this retro-
spective study. As shown in  Table 1 , POB was seen in 14 
patients (14 lesions) among the total 451 patients (509 
lesions). Endoscopic hemostasis was required for all 14 
patients, and 6 needed blood transfusion. One patient re-
quired surgery. No significant correlation was seen be-
tween bleeding and tumor-related factors such as size and 

Colorectal endoscopic submucosal dissection
451 patients (509 lesions)

Antithrombotic therapy
48 patients (52 lesions)

No antithrombotic therapy
403 patients (457 lesions) 

Taking only
antiplatelet agents

31 patients (34 lesions)

Taking anticoagulants with or
without antiplatelet agents

17 patients (18 lesions)

No-HBT group
40 patients (43 lesions)

HBT group
8 patients (9 lesions)

8 9 31 

  Fig. 1.  Flow diagram of the patients treated 
with colorectal endoscopic submucosal dis-
section. HBT, heparin bridge therapy. 
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histology except for the endoscopic appearance of the 
LST-G mixed nodular type. Interestingly, we found that 
8 of 14 patients with POB received ESD for rectal tumors. 
Thus, the incidence of POB was high in rectal lesions at 
8.1% (8/98). Regarding patient-related factors, no signifi-

cant correlation was seen between bleeding and patient-
related factors such as age, sex, platelet count, PT, APTT, 
or serum creatinine level. In contrast, the percentage of 
POB was much higher in patients with antithrombotic 
therapy than in those without antithrombotic therapy. 
Thus, our univariate analysis identified antithrombotic 
therapy (use of anticoagulants and/or antiplatelet agents) 
and rectal tumors as risk factors for POB followign co-
lorectal ESD.

  We then performed multivariate analysis to confirm 
the results obtained by the univariate analysis. As shown 
in  Table  2 , antithrombotic therapy and rectal tumors 
were identified as independent risk factors for ESD-relat-
ed POB, whereas the LST-G mixed nodular type did not 
show a significant correlation. Collectively, these uni- 
and multivariate analyses revealed that antithrombotic 

 Table 1.  Clinical parameters associated with postoperative bleeding (POB)

Clinical parameters POB 
14 cases (14 lesions)

No POB 
437 cases (495 lesions)

p value

Age, years 65.6 ± 12.1 68.3 ± 9.2 0.389b

Males/females 9/5 (64.2/35.8) 236/201 (54.0/46.0) 0.589a

Antithrombotic therapy 7 (50) 45 (8.9) <0.001a

Anticoagulant agents 3 (21.4) 14 (3.2) 0.009a

Antiplatelet agents 4 (28.6) 39 (7.9) 0.024a

Platelets, μL 23.6 ± 9.7 22.3 ± 6.1 0.213b

Prothrombin time, INR 1.06 ± 0.13 1.04 ± 0.47 0.923b

APTT, s 32.1 ± 8.8 28.2 ± 6.9 0.189b

Creatinine, mg/dL 0.95 ± 0.57 0.84 ± 0.84 0.637b

Tumor size, mm 32.2 ± 13.6 30.6 ± 14.1 0.784b

Endoscopic appearance
0–IIa 0 (0) 1 (0) 1.000a

0–IIa + IIc 0 (0) 8 (1.6) 1.000a

0–IIc 0 (0) 1 (0) 1.000a

0–IIc + IIa 0 (0) 2 (0) 1.000a

0–Is 1 (7.1) 41 (8.3) 1.000a

0–Is + IIc 0 (0) 1 (0) 1.000 a

LST-G (homogenous) 0 (0) 83 (17.0) 1.000a

LST-G (nodular mixed) 7 (50) 109 (22.0) 0.022a

LST-NG (flat elevated) 5 (35.7) 156 (31.5) 0.774a

LST-NG (pseudodepressed) 1 (7.1) 93 (18.8) 0.484a

Histology (invasive neoplasm) 0 (0) 8 (1.6) 1.000a

Location
Cecum 0 (0) 88 (17.8) 1.000ª
Ascending colon 2 (14.3) 111 (22.4) 0.745ª
Transverse colon 3 (21.4) 132 (26.7) 1.000ª
Descending colon 0 (0) 13 (2.6) 1.000ª
Sigmoid colon 1 (7.1) 61 (12.3) 1.000ª
Rectum 8 (57.1) 90 (18.1) 0.002ª

 Numbers of cases (%) are shown unless indicated otherwise. APTT, activated partial thromboplastin time; 
LST, laterally spreading tumor; G, granular; NG, nongranular. a Fisher exact test. b t test.

 Table 2. Risk factors for postoperative bleeding

Odds ratio 95% CI p value

Antithrombotic therapy 4.95 1.48 – 16.59 0.009
LST-G (mix) 2.12 0.64 – 7.07 0.22
Rectal tumor 10.81 3.43 – 34.00 <0.001

LST-G (mix), laterally spreading tumor-granular (nodular 
mixed).
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therapy and rectal tumor location are strongly associated 
with POB caused by ESD.

  HBT in and POB following Colorectal ESD 
 Having identified the use of anticoagulants and/or an-

tiplatelet agents as a patient-associated risk factor for 
POB following colorectal ESD, we tried to evaluate the 
safety and efficacy of HBT. Eight patients received HBT 
in this study. Seventeen patients discontinued the anti-
thrombotic therapy, 14 patients continued anticoagu-
lants or antiplatelet agents before ESD, and 9 patients 
continued only 1 anticoagulant or antiplatelet agent in 
the case of combined therapy. Characteristics of the pa-
tients in the HBT group (8 cases) and no-HBT group (40 
cases) are summarized in  Table  3 . The percentages of 
POB in the no-HBT and HBT group were 11.6% (5/43) 
and 22.2% (2/9), respectively. Thus, no significant differ-
ence in POB was seen between the HBT and no-HBT 
groups, although the former exhibited a higher rate of 
POB than the latter. 

  As shown above, 7 of 52 cases who received antithrom-
botic therapy exhibited POB. Detailed clinical informa-
tion on the 7 cases with POB is summarized in  Table 4 . 
Two patients who discontinued warfarin and then re-
ceived HBT experienced POB ( Table 4 ). One patient who 
was treated with aspirin in combination with cilostazol 
and then continued therapy with aspirin alone upon ESD 
experienced POB. Other cases with POB included 1 pa-
tient who discontinued aspirin, 1 who continued aspirin, 
1 who continued ticlopidine and aspirin, and 1 who dis-
continued edoxaban. Thus, a wide variety of anticoagu-
lants and antiplatelet agents caused POB.

  Discussion 

 ESD is widely used to resect flat or depressed colorec-
tal tumors >20 mm  [4–6] . The advantages of ESD in 
colorectal tumor therapy include the higher rate of suc-
cessful en bloc resection and the lower rate of local recur-

 Table 3. Characteristics of patients with or without heparin bridge therapy (HBT)

Clinical parameters HBT 
8 cases (9 lesions)

No HBT 
40 cases (43 lesions)

p value

Age, years 72.1 ± 6.3 72.1 ± 7.8 0.980b

Males/females 6/2 (75/25) 28/12 (70/30) 1.000a

Anticoagulant agents 8 (100) 9 (22.5) 0.001a

Antiplatelet agents 1 (12.5) 39 (97.5) <0.001a

Both 1 (12.5) 8 (20) 1.000a

Tumor size, mm 37.1 ± 11.8 29.7 ± 12.1 0.173b

Histology (invasive neoplasm) 0 0 –
Endoscopic appearance

0–IIa 0 (0) 4 (9.3) 1.000a

0–IIa + IIc 0 (0) 0 (0) 1.000a

0–IIc 0 (0) 0 (0) 1.000a

0–Is 1 (11.1) 4 (9.3) 1.000a

0–Is + IIc 0 (0) 0 (0) 1.000a

LST-G (homogenous) 2 (22.2) 4 (9.3) 0.275a

LST-G (nodular mixed) 2 (22.2) 10 (23.3) 1.000a

LST-NG (flat elevated) 3 (33.3) 11 (25.6) 0.688a

LST-NG (pseudodepressed) 1 (11.1) 10 (23.3) 0.664a

Location
Cecum 0 (0) 8 (18.6) 1.000ª
Ascending colon 2 (22.2) 8 (18.6) 1.000ª
Transverse colon 3 (33.3) 13 (30.2) 1.000ª
Descending colon 1 (11.1) 3 (7) 1.000ª
Sigmoid colon 0 (0) 2 (4.7) 1.000ª
Rectum 3 (33.3) 9 (20.9) 0.415ª

Postoperative bleeding 2 (22.2) 5 (11.6) 0.59ª

Numbers of cases (%) are shown unless indicated otherwise. LST, laterally spreading tumor; G, granular; NG, 
nongranular. a Fisher exact test. b t test. 
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rence compared with conventional EMR  [7–11] . Thus, 
colorectal ESD has enabled the resection of large flat or 
depressed colorectal tumors as well as a wide variety of 
adenomas and early colorectal cancers. POB is a major 
complication of ESD. Although the rates of POB are com-
parable among ESD, EMR, and EP, life-threatening bleed-
ing may occur after colorectal ESD. Therefore, the iden-
tification of risk factors for POB is important. In this 
study, we analyzed 451 patients who underwent colorec-
tal ESD at the Kindai University Hospital and found in 
uni- and multivariate analyses that rectal tumor location 
and antithrombotic therapy are independent risk factors 
for bleeding. Thus, rectal tumor location and antithrom-
botic therapy are likely to increase the risk of POB follow-
ing colorectal ESD.

  Interestingly, the percentage of POB following colorec-
tal ESD was much higher in patients with rectal tumors 
than that in patients with tumors in the cecum, ascending 
colon, transverse colon, descending colon, or sigmoid co-
lon. Among 14 POB cases, 8 had bleeding from rectal le-
sions. These data are in sharp contrast to those of previ-
ous reports showing that location in the right hemicolon 
is an independent risk factor for delayed postpolypecto-
my bleeding  [25, 27] . Thus, rectal location increases the 
rate of POB following ESD, while right hemicolon loca-
tion increases the rate of bleeding following EP. The rea-
son for this difference is unknown. Given the fact there 
are many veins and arteries in the submucosa of the rec-
tum  [28] , POB may be caused by injury to the submucosal 
vessels of the rectum during ESD.

  As for patient-related factors, we identified antithrom-
botic therapy as an independent risk factor for POB fol-

lowing colorectal ESD. Consistent with this finding, the 
use of anticoagulants or antiplatelet agents is considered 
to promote POB in patients treated with EP or EMR  [18–
20] . Thus, the use of anticoagulants or antiplatelet agents 
increases the risk of POB following EMR, EP, and ESD. 
We performed a detailed analysis of 7 patients with POB 
treated with anticoagulants and/or antiplatelet agents be-
fore ESD. Unfortunately, we could not identify specific 
antithrombotic drugs that promote POB following 
colorectal ESD. Intriguingly, 4 (57.1%) of the 7 patients 
who received antithrombotic therapy had bleeding from 
rectal lesions. These data altogether suggest that anti-
thrombotic therapy and rectal location are independent 
risk factors for POB following colorectal ESD and that 
colonoscopists must be aware of possible bleeding in pa-
tients presenting with these risk factors.

  According to the JSGE guidelines, HBT is recom-
mended before endoscopic procedures with a high risk of 
bleeding, such as EMR and ESD in patients at high risk of 
thromboembolism upon anticoagulant withdrawal  [21] . 
Based on this guideline, HBT is considered a treatment 
option for patients who are undergoing colorectal EMR 
or ESD in the presence of antithrombotic therapy. How-
ever, recent retrospective studies addressing the safety 
and efficacy of HBT in colorectal EMR and EP revealed 
that HBT increases rather than decreases the risk of POB 
 [22–24] . Consistent with the studies cited above, the rate 
of POB following colorectal ESD tended to be higher in 
our HBT group than in our no-HBT group, although the 
difference was not statistically significant. The reasons for 
the lack of a significant difference in the rate of POB be-
tween the HBT and the no-HBT group are currently un-

 Table 4. Clinical characteristics of 7 cases with antithrombotic therapy and postoperative bleeding

Case
No.

Age,
years

Sex  Tumor characteristics Anti-
coagulants

Antiplatelet 
agents

HBT Blood 
transfusion site size, mm

1 67 M A 30 – aspirin
ticlopidine

– –

2 71 F R 43 – aspirin
cilostazol1

– yes

3 72 M R 25 – aspirin – yes
4 70 M T 20 – aspirin1 – –
5 68 M R 32 warfarin – yes –
6 51 M R 40 edoxaban1 – – yes
7 83 M T 45 warfarin – yes –

A, ascending colon; T, transverse colon; R, rectum; HBT, heparin bridge therapy. 
1 Discontinued before endoscopic submucosal dissection.
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known. Strict APTT adjustment, overload effects of dis-
continued anticoagulants, or time of resuming anticoag-
ulants or antiplatelet agents may affect the rate of POB. It 
should also be noted that the number of patients in this 
study, especially in the HBT group, is too small to draw a 
definite conclusion regarding the relationship between 
colorectal ESD-related POB and HBT. Therefore, pro-
spective multicenter studies are required to confirm the 
safety and efficacy of HBT in colorectal ESD. 

  In conclusion, we identified antithrombotic therapy 
and rectal location as independent risk factors for POB 
following colorectal ESD. Future studies are required to 
confirm our findings and decrease the rate of POB follow-
ing colorectal ESD.
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tient (12.5%) in the 18-mm group.  Conclusions:  The 18-mm-
diameter stents were similarly effective when compared 
with 22-mm-diameter stents. Because 18-mm-diameter 
stents are easy to handle and produce less mechanical stress, 
they have the potential to decrease the perforation rate and 
mitigate the stent’s impact on the tumors. 18-mm-diameter 
stents can be useful and safe, especially as a BTS. 

 © 2017 S. Karger AG, Basel 

 Introduction 

 Colorectal cancer is one of the most common cancers, 
and 8–29% of patients with colorectal cancer have ob-
struction-related symptoms  [1, 2] . Because obstructive 
colorectal cancer can be fatal, emergent management is 
needed. It was reported that the morbidity and mortality 
rates associated with emergent surgery were high  [1, 3, 4] . 
In the last few decades, there have been many reports 
about the usefulness of self-expanding metal stents 
(SEMS) for obstructive colorectal cancer. SEMS are used 
as a bridge to surgery (BTS) and for palliative therapy 
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diameter · Bridge to surgery · Perforation 

 Abstract 
  Objectives:  This study aimed to evaluate the characteristics 
and the feasibility of 18-mm-diameter stents for obstructive 
colorectal cancer, comparing the clinical courses with 22-
mm-diameter stents.  Methods:  We retrospectively com-
pared 33 consecutive cases treated with 18-mm-diameter 
stents (bridge to surgery [BTS] in 25, palliative therapy [PAL] 
in 8) with 27 consecutive cases treated with 22-mm-diame-
ter stents (BTS in 21, PAL in 6) for obstructive colorectal can-
cer between May 2013 and November 2015 in our institu-
tion.  Results:  There were no significant differences between 
the 18-mm and 22-mm groups in technical success rates (97 
and 96%, respectively) and clinical success rates (100 and 
100%, respectively). As a BTS, the rates of complications and 
stoma formation were not significantly different between 
groups. For PAL, although the rates of complications and 
stent patency were similar, stent occlusion occurred in 1 pa-
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(PAL). A systematic review revealed SEMS placement as 
a BTS has a lower stoma formation rate and complication 
rate than emergent surgery  [5] . A meta-analysis showed 
that SEMS placement for PAL is associated with a shorter 
time to chemotherapy and lower 30-day mortality  [6] .

  Recently, concerns have been raised regarding the pos-
sibility for exacerbation of the oncological prognosis. A 
few randomized controlled trials and a cohort study have 
shown a significantly higher local disease recurrence rate 
with SEMS use than emergent surgery  [7–10] . According 
to the European Society of Gastrointestinal Endoscopy 
(ESGE) guidelines, SEMS placement as a BTS is not rec-
ommended as a standard treatment for potentially curable 
patients with obstructive colorectal cancer  [11] . However, 
one meta-analysis suggests that SEMS as a BTS have no 
adverse effects in terms of patients’ oncological outcomes 
 [12] . The cancer recurrence rate has been shown to be 
higher in the subgroup of patients with stent-related per-
forations  [9] ; thus, it is suggested that a lower perforation 
rate may improve the prognosis. Small-diameter stents 
mitigate the mechanical impact of the stents on the tumor 
and the colonic wall, and can reduce the perforation rate.

  To date, few reports examine stent diameter, and the 
optimal stent diameter has not been determined. In our 
hospital, we have inserted the Niti-S enteral colonic uncov-
ered stent D-type (Taewoong Medical Inc., Gimpo, Korea) 
in cases with obstructive colorectal cancer since May 2013. 
We used 22-mm-diameter stents until May 2014 but now 
use 18-mm-diameter stents. Then, our study aimed to eval-
uate the characteristics and the feasibility of 18-mm-diam-
eter stents, comparing them with 22-mm-diameter stents.

  Methods 

 Patients 
 We retrospectively reviewed the endoscopy database and clini-

cal records on all patients who underwent Niti-S enteral colonic 
uncovered stent placement for obstructive colorectal cancer at the 
Japanese Red Cross Society Wakayama Medical Center between 
May 2013 and November 2015. Bowel obstructions were diag-
nosed through clinical symptoms, CT, and endoscopy.

  We analyzed consecutive cases utilizing 18-mm-diameter Niti-
S stents from June 2014 to November 2015 and compared them 
with consecutive cases utilizing 22-mm-diameter stents from May 
2013 to May 2014.

  Patients who had been followed up at our institution for at least 
4 weeks were eligible to be enrolled in this study. Relevant data 
were retrieved from the medical records of our institution. This 
study was approved by the Institutional Review Board of our insti-
tution. We excluded patients who underwent chemotherapy with 
the stents inserted, considering the possibility that chemotherapy 
affects stent patency rate. We followed patients’ clinical courses 
until December 2015.

  Endoscopic Procedure 
 Before colonic stent placement, all patients underwent abdom-

inal CT scans to evaluate the clinical stage of the tumor and to as-
sess the location and length of the obstruction. Generally, patients 
underwent enemas for preparation and were maintained under 
conscious sedation with 0.05 mg/kg intravenous midazolam. Pa-
tients were continuously monitored during the procedure with an 
automated noninvasive blood pressure device, electrocardiogram 
tracing, and pulse oximetry.

  We used Niti-S enteral colonic uncovered D-type stents (Tae-
woong Medical Inc., Gimpo, South Korea), 18 or 22 mm in diam-
eter and 60 or 80 mm in length.

  All procedures were performed under endoscopic and fluoro-
scopic guidance. We used conventional endoscopes (CF-H260, 
CF-HQ290, Olympus Medical Systems, Tokyo, Japan) in cases uti-
lizing 22-mm-diameter stents. We also used slim-diameter endo-
scopes (PCF-Q260AI or GIF-Q260J, Olympus) in cases utilizing 
18-mm-diameter stents. We used a guidewire (0.025-inch Visi-
Glide, Olympus, or 0.035-inch Jagwire, Boston Scientific Corpora-
tion, Natick, MA, USA) and an ERCP catheter (ERCP catheter fi-
liform, MTW Endoscopie W. Haag KG, Wesel, Germany, or Swing 
Tip Cannula, Olympus) to pass the stricture and select the oral 
intestinal tract. Thereafter, contrast medium was injected to con-
firm the position and the length of the stricture. We did not at-
tempt dilation of strictures due to risk of perforation. Stent length 
was selected to cover the entire stricture adequately.

  Abdominal radiographs were obtained 1 day after stent place-
ment to evaluate the degree of stent expansion. To prevent stool 
impaction, a low residual diet with laxatives, such as magnesium 
formulations, was recommended.

  Study Design 
 Patients were divided into two groups according to stent diam-

eters. We retrospectively compared the two groups for patient 
characteristics, technical success rate, clinical success rate, proce-
dure time, and the time until resumption of diet.

  Patients receiving stents as a BTS were followed perioperative-
ly and assessed for complications related to stents, the time interval 
to operation, laparoscopic resection rate, stoma formation rate, 
and perioperative complications.

 Table 1.  Patient characteristics

18 mm
(33 cases)

22 mm
(27 cases)

p

Median age (range), years 77 (49 – 91) 78 (31 – 97) 0.22
Sex (male/female) 17/16 13/14 0.98
Performance status (0 – 1/2 – 4) 27/6 24/3 0.45
Stage (II/IIIa/IIIb/IV) 11/8/3/11 7/7/5/8 0.75
Tumor location (right/left) 12/21 11/16 0.73
Median length of stenosis ± SD, cm 2.8 ± 1.2 3.3 ± 1.4 0.07
Complete/incomplete obstruction 32/1 25/2 0.58
Length of stent (6 cm/8 cm) 31/1 25/2 0.59
Purpose (BTS/PAL) 25/8 21/6 0.85

BTS, bridge to surgery; PAL, palliative therapy.
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  Patients with stents inserted for PAL were followed until their 
last clinical follow-up, telephone interview, death, or the study 
endpoint and assessed for complications related to stents, the pe-
riod of stent patency, and the patency rate during the follow-up 
period. Stent patency was determined as patients without stent oc-
clusion and still alive.

  Statistical Analysis 
 Student  t  test was used for continuous data comparison. Fisher 

exact probability test and χ 2  test were used for comparison of cat-
egorical data. A  p  value of <0.05 was considered to be significant. 
All statistical analyses were performed using JMP 12.2 (SAS Insti-
tute Inc., Cary, NC, USA).

  Definitions 
 We defined the patients receiving stents prior to elective sur-

gery as the BTS group and the patients receiving stents for relief of 
symptoms as the PAL group.

  Technical success was defined as successful stent placement in 
an appropriate site without complications. Clinical success was de-
fined as effective decompression of the colon with resolution of 
obstructive symptoms within 72 h of stent placement  [5] . The clin-
ical success rate was calculated as the percentage of clinically suc-
cessful cases relative to the technically successful cases. In cases 
where the patients underwent multiple stenting procedures, anal-
ysis was applied to the initial procedure.

  The degree of obstruction was divided into two groups, com-
plete and incomplete. Incomplete obstruction was defined as a 
narrow stool caliber or the ability to pass only small amounts of 
liquid stool or gas, and complete obstruction was defined as a lack 
of an endoscopically visible lumen or the inability to pass stool or 
gas  [13, 14] .

  Performance status was recorded to determine the clinical con-
dition according to the Eastern Cooperative Oncology Group per-
formance status.

  To evaluate the level of oral intake, we used the ColoRectal Ob-
struction Scoring System (CROSS), which assigns a point score 
based on the patient’s oral intake level: CROSS 0, requiring con-
tinuous decompression; CROSS 1, no oral intake; CROSS 2, liquid 
or enteral nutrient intake; CROSS 3, soft solids, low residue, and 
full diet with symptoms of stricture; and CROSS 4, soft solids, low 
residue, and full diet without symptoms of stricture  [15, 16] .

  Results 

 Patient Characteristics 
 Insertion of 18-mm-diameter stents was attempted in 33 

cases (BTS in 25, PAL in 8), and insertion of 22-mm-diam-
eter stents in 27 cases (BTS in 21, PAL in 6). Baseline patient 
characteristics are summarized in  Table  1 . Demographic 
features of both groups were not significantly different.

  Clinical Outcomes and Complications of SEMS 
Placement 
 Median procedure time was not significantly different 

between groups. Technical success rates of the 18- and 
22-mm groups were 97% (32/33) and 96% (26/27), re-
spectively. We were unable to pass the guidewire in a pa-
tient with ileocecal cancer in the 18-mm group, requiring 
urgent surgery. Additionally, a perforation related to 
stent insertion occurred in 1 patient with sigmoid colon 
cancer in the 22-mm group, and emergent surgery was 
performed. The perforation occurred at the anal side of 
the tumor and was caused by the delivery system. The 
clinical success rates were 100% (32/32) and 100% (26/26), 
respectively. Procedure time and the time to resumption 
of an oral diet are shown in  Table 2 .

  The results of patients who underwent stent placement 
as a BTS are shown in  Table 3 . Abscess formation around 
the tumor occurred in 2 cases (one in the 18-mm group 
and the other in the 22-mm group). Both cases were treat-
ed with antibiotics and elective surgery was performed. 
The median time to surgery was significantly longer in 
the 18-mm group. The laparoscopic resection rate was 
high in both groups, and all indications for open surgery 
were related to tumor infiltration into the surrounding 
organs. There were no cases of inadequate colonic de-
compression. Perioperative complications occurred in 

 Table 2. Results of the procedures

18 mm
(33 cases)

22 mm
(27 cases)

p

Median procedure time (range), min 20 (8 – 65) 25 (11 – 60) 0.08
Technical success rate, % 97 (32/33) 96 (26/27) 0.86
Clinical success rate, % 100 (32/32) 100 (26/26) 1.00
Mean CROSS before procedure ± SD 1.2 ± 1.2 1.3 ± 1.4 0.70
Mean CROSS after procedure ± SD 4.0 ± 0.1 4.0 ± 0.2 0.44
Mean period of restarting meal ± SD 1.4 ± 0.6 2.1 ± 1.8 0.19

CROSS, ColoRectal Obstruction Scoring System.
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only 1 case. In this case, minor leakage occurred and was 
treated conservatively.

  The results of the patients who underwent stent place-
ment for PAL are shown in  Table 4 . Stent occlusion oc-
curred in 1 patient in the 18-mm group at 73 days post-
operatively due to tumor ingrowth and was treated with 
re-insertion of an additional 18-mm-diameter stent. 
Bleeding occurred in 1 case in the 22-mm group at 132 
days postoperatively and was treated with surgical resec-
tion. Among patients in the 18-mm group, 87.5% main-
tained stent patency until death or the end of follow-up.

  Discussion 

 This is a single-center retrospective study comprising 
60 patients with obstructive colorectal cancer who under-
went SEMS placement as a BTS or for PAL. The technical 
and clinical success rates in our hospital were in line with 
a previous systematic review with medians of 96.2% (66–
100%) and 92% (42–100%), respectively  [5] . As the result 
of this study, 18-mm-diameter stents were feasible, com-
pared with 22-mm-diameter stents.

  Characteristics of 18-mm-Diameter Stents 
 Advantages of the 18-mm-diameter stents include the 

decrease in mechanical stress and high versatility. Small-
diameter stents exert less stress against the tumor and co-
lonic wall. The small outer diameter of the 18-mm stent 
delivery system (9 Fr) allows easy insertion through the 
working channel (>3.0 mm) of the endoscope and allows 
for use of various endoscopes (PCF-Q260AI or GIF-

Q260J, Olympus). In contrast, when inserting 22-mm 
stents, we have to use conventional endoscopes (CF-
H260 or CF-HQ290, Olympus) because the outer diam-
eter of the delivery system is 10 Fr.

  Disadvantages of the 18-mm-diameter stent include 
the risks of occlusion, migration, and inadequate decom-
pression.

  To Decrease Perforation Rate 
 Stent-related perforation may result from 4 causes: (1) 

guidewire or catheter malpositioning, (2) dilation of the 
stricture before or after stent placement, (3) stent-in-
duced perforation (tumor and non-tumor local perfora-
tion), and (4) proximal colonic distension because of 
inadequate colonic decompression or excessive air in-
sufflation  [17] . A meta-analysis revealed that the overall 
perforation rate with SEMS is 7.4%  [18] , but the preva-
lence of stent-related complications is likely to be under-
estimated because of subclinical perforations  [9] .

  When using 18-mm-diameter stents, we can use slim 
scopes, which are flexible and easy to handle. It then be-
comes easier to maintain a good view of the tumor, espe-
cially in the bent positions such as in the sigmoid colon. 
It is also easier to determine the oral side and pass the 
guidewire and the catheter safely and precisely. Although 
there was no significant difference in procedure times, the 
procedure time of the 18-mm group was shorter than that 
of the 22-mm group. The reason is possibly that the pro-
cedures become easier with a greater choice of scopes.

  Next, the strong stent radial force, which is the radi-
ally directed expanding force that maintains the luminal 
patency at the stricture once the stent is deployed, can 
cause perforation, and the large-diameter stent is associ-
ated with late perforations  [19] . One meta-analysis re-
ported that procedure-induced perforations accounted 

 Table 4. Complications and clinical courses of the palliative-ther-
apy cases

18 mm
(8 cases)

22 mm
(6 cases)

p

Complication 1/8 1/6
Perforation 0 0
Migration 0 0
Bleeding 0 1
Occlusion 1 0

Median period of stent
patency (range), days 107.5 (26 – 194) 182 (13 – 481) 0.27

Stent patency rate, % 87.5 (7/8) 100 (6/6) 0.37

 Table 3. Complications and clinical courses of the bridge-to-sur-
gery cases

18 mm
(25 cases)

22 mm
(21 cases)

p

Complication 1/25 2/21
Perforation 0 1
Migration 0 0
Bleeding 0 0
Occlusion 0 0
Abscess 1 1

Median time interval to
operation (range), days 26 (18 – 41) 22 (10 – 30) 0.003a

Laparoscopic resection rate, % 84 (21/25) 81 (17/21) 0.79
Stoma formation rate, % 0 (0/25) 4.8 (1/21) 0.46

 a Statistically significant.
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for 19.4% of early perforations and that the remaining 
early perforation could be caused by failure of the colon-
ic wall to adapt to the expanding forces of the stent  [18] . 
In other words, perforation occurs due to the stent itself; 
thus, small stents may be advantageous as they create less 
disruption of the preexisting structure.

  Finally, although there was concern regarding the po-
tential for inadequate colonic decompression in the 18-
mm group, 18-mm stents improved the CROSS score to 
the same degree as 22-mm stents in this study.

  Therefore, 18-mm stents have the potential to decrease 
the perforation rate.

  BTS 
 Although smaller-diameter stents may theoretically 

increase the migration and occlusion rates, there were no 
complications noted in the 18-mm group. Lee et al.  [20]  
used the 18-mm-diameter Niti-S uncovered stent in 20 
cases as a BTS. They reported no occlusions; migration 
occurred in 3 cases (15%) before surgery, although elec-
tive surgery was performed without additional treatment 
in all cases  [20] . The reason why migration did not occur 
in our study may be that almost all our cases were com-
plete obstructions. We recognize that it is undesirable to 
insert stents for incomplete obstruction prophylactically.

  As 18-mm stents obtained enough decompression, 
laparoscopic resections were performed safely, and no 
cases required stoma formation because of inadequate 
decompression in either group. In our institution, the in-
terval from SEMS insertion to surgery is longer than in a 
previous report  [21] . The anastomotic leakage rate is 
higher when the interval is 1–9 days than 10 days or lon-
ger  [22] , although longer intervals may increase the stent-
related complication rate. A certain period may allow for 
better recovery and optimal nutrition  [15] , and this opti-
mal interval should be established in future studies. 
Though the interval of the 18-mm group was significant-
ly longer, it is because the waiting time of the surgery has 
become longer in our hospital nowadays.

  We conclude that 18-mm stents as a BTS can decrease 
the perforation rate without exacerbation of the oncolog-
ical disease process, because they provide easy handling 
and lower mechanical stress. Therefore, the 18-mm-di-
ameter stent is feasible and can be useful as a BTS. Larger 
and longer examinations are needed in the future to eval-
uate the impact on prognosis.

  PAL 
 There were no complications, except for 1 case of occlu-

sion in the 18-mm group. According to a previous report, 

complications of SEMS placement for PAL happen more 
often in small-diameter stents  [23] . In contrast, a prospec-
tive study showed complications and long-term patency 
were not significantly different in varying stent diameters 
 [24] . Our median patency periods are in line with those of 
previous reports (90–204 days)  [23, 24] . Although there 
were no significant differences in the patency periods be-
tween the 18-mm- and 22-mm-diameter groups in our 
study, the number of cases is small and follow-up period is 
short. Then, larger and longer studies are necessary.

  Optimal Diameter of SEMS 
 Our obstruction and migration rate of the 18-mm 

group were totally 4.8 and 0%, which is in line with a pre-
vious report  [25] . In addition, 18-mm stents could get 
adequate decompression. Actually, no perforations oc-
curred with the Niti-S uncovered 18-mm-diameter stents 
in our study (33 cases) and Lee at al.’s study (39 cases) 
 [20] . Therefore, we see that 18-mm-diameter stents can 
be optimal, especially as a BTS.

  Limitation 
 Our study has several limitations. First, these study out-

comes were examined in a single institution retrospective-
ly, and the number of subjects was small. Second, it is nec-
essary to consider the possibility that there is improvement 
of the operator’s technique because the periods of the 18-
mm group and 22-mm group are different. A prospective 
large study is expected to exclude these biases. More than 
anything, it is necessary to examine the long-term onco-
logical prognosis in 18-mm-diameter stent cases.

  Conclusion 

 As a BTS, 18-mm-diameter stents are feasible because 
the effectiveness is not inferior to that of 22-mm-diame-
ter stents in clinical practice. Furthermore, 18-mm-diam-
eter stents may be safer to place, because they are easy to 
handle and their mechanical stress is small. Moreover, 
they have the potential to decrease perforation rates and 
improve long-term prognoses.

  For PAL, there was no significant difference in the 
stent patency period between the stent types. Therefore, 
18-mm-diameter stents are feasible. However, the num-
ber of cases is small, and follow-up periods were very 
short. Further study is necessary to confirm the feasibility 
of 18-mm-diameter stents.
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were compared with the final pathological diagnoses to de-
termine the JNET classification’s accuracy. The interobserver 
agreement was calculated, and the intraobserver agreement 
was assessed after 6 months.  Results:  The final pathological 
diagnoses identified 14 HPs/SSPs, 127 LGDs, 22 HGDs, 19 
SM-s carcinomas, and 17 SM-d carcinomas. The respective 
sensitivities, specificities, positive predictive value, negative 
predictive value, and accuracies were as follows: Type 1, 85.7, 
99.5, 92.3, 98.9, and 98.5%; Type 2A, 96.0, 81.9, 90.3, 92.1, and 
90.9%; Type 2B, 75.6%, 90.5, 67.3, 93.4, and 87.4%; and Type 
3, 29.4%, 100, 100, 93.8, and 94.0%. The interobserver agree-
ment and the intraobserver agreement were moderate (κ 
value: 0.52) and excellent (κ value: 0.88), respectively. Le-
sions presenting as Type 2B during NBI comprised a range of 
colorectal tumors, including HGDs, SM-s, and SM-d.  Conclu-
sions:  The JNET classification was useful for the diagnosis of 
HPs/SSPs, LGDs, and SM-d, but not SM-s lesions. For low-con-
fidence cases, magnified chromoendoscopy is recommend-
ed to ensure correct diagnoses.  © 2017 S. Karger AG, Basel 
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 Abstract 
  Objective:  The Japan NBI Expert Team (JNET) proposed a 
new narrow band imaging (NBI) classification system for 
colorectal tumors in June 2014. In this classification system, 
types 1, 2A, 2B, and 3 correspond to hyperplastic polyps 
(HPs)   including sessile serrated polyps (SSPs), low-grade dys-
plasia (LGD), high-grade dysplasia (HGD) to shallow submu-
cosal invasive (SM-s) carcinomas, and deep submucosal in-
vasive (SM-d) carcinomas, respectively.  Methods:  To validate 
this system, we performed a retrospective image evaluation 
study, in which 199 colorectal tumors previously assessed by 
NBI magnifying endoscopy were classified by 3 blinded ex-
perienced colonoscopists using the JNET system. The results 
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 Introduction 

 Narrow band imaging (NBI), which visualizes vessel 
and surface patterns in detail, is generally considered to 
provide useful diagnostic information about gastrointes-
tinal lesions identified via endoscopy  [1] . Several studies 
have indicated that NBI observations of colorectal polyps 
are very useful, accurate predictors of histology  [2–6] . Al-
though previous studies  [2–6]    addressed the utility of NBI 
observations (i.e., vascular and surface patterns) for the 
endoscopic diagnosis of colorectal tumors, a universal de-
finitive classification system has not yet been established. 
The NBI International Colorectal Endoscopic (NICE) 
classification, published by the Colon Tumor NBI Inter-
est Group (CTNIG), uses the colors, vessels, and surface 
patterns observed during endoscopy to classify the results 
of nonmagnifying evaluations  [7, 8] . However, colonos-
copists often encounter difficulties with cases classified as 
NICE Type 2, as this category includes a variety of pa-
thologies ranging from low-grade dysplasia (LGD) to 
shallow submucosal invasive cancer (SM-s)  [9, 10] ; the 
former is suitable for endoscopic mucosal resection 
(EMR), whereas the latter is indicated for endoscopic 
submucosal dissection (ESD)  [11] . 

  The Japan NBI Expert Team (JNET), which comprises 
38 members specialized in colonoscopy, attempted to es-
tablish a new NBI classification system for colorectal tu-
mor diagnosis that would overcome the limitations of the 
NICE classification system. This novel NBI magnifying 
classification system for colorectal tumors, the JNET clas-
sification, was proposed in June 2014  [11] . The JNET 
classification uses magnifying NBI observations with a 
focus on vessel and surface patterns to diagnose colorectal 
tumors as Types 1, 2A, 2B, and 3. Type 1 is characterized 
by an invisible vessel pattern and a surface pattern com-
prising dark and white spots, similar to the surrounding 
normal mucosa. Type 2A is defined as vessels of a regular 
caliber and distribution (meshed/spiral pattern) and a 
regular (tubular/branched/papillary) surface pattern. 
Type 2B is defined as vessels with a variable caliber and 
irregular distribution and an obscure surface pattern. 
Type 3 is characterized as a vessel pattern comprising ar-
eas of loose or interrupted thick vessels and a surface pat-
tern of amorphous areas ( Fig. 1 ). Types 1, 2A, 2B, and 3 
correlate with the pathological diagnoses of hyperplastic 
polyp (HP) and sessile serrated polyp (SSP), LGD, high-
grade dysplasia (HGD) and SM-s cancer (T1a; <1,000 
μm), and deep submucosal invasive cancer (SM-d: T1b; 
 ≥ 1000 μm), respectively  [11] . The NICE and JNET clas-
sifications differ most significantly in that Type 2 from 

the former is subdivided into Types 2A and 2B in the lat-
ter, thus allowing the discrimination of LGD and HGD-
SM-s lesions. To evaluate the usefulness of the JNET clas-
sification, we conducted a retrospective study to evaluate 
the interobserver and intraobserver agreement among 3 
observers and, thus, determine the usefulness of the JNET 
classification.

  Methods 

 Study Design 
 We conducted a retrospective image evaluation study of digi-

tal files containing endoscopic images of localized colorectal neo-
plastic lesions that had been treated with EMR, ESD, or surgical 
operation from April 2010 to April 2015. Endoscopic images 
were taken using magnified NBI. The exclusion criteria were ad-
vanced colorectal adenocarcinoma, neoplastic lesions associated 
with inflammatory bowel disease, and polyposis. In addition, 
colorectal tumors >5 cm were excluded from this study because 
a precise NBI diagnosis is difficult in such cases. A total of 199 
lesions were randomly selected from among 510 colorectal neo-
plastic lesions subjected to NBI observation at Kindai University 
Hospital. Per lesion, 1–4 representative NBI magnifying endos-
copy images were selected by Y.K. and 3 other observers (H.K., 
T.S., and Y.A.) who were blinded to the pathological, white light, 
and chromoendoscopic findings and the clinical information. 
The 199 lesions were classified according to the JNET system and 
evaluated by the 3 observers. All evaluated images were obtained 
via magnifying colonoscopy (device: CF-H260AZI, PCF-260AZI; 
Olympus Optical Co., Tokyo, Japan). 

  Initially, the 3 experienced colonoscopists (H.K., T.S., and 
Y.A.; NBI diagnosis >1,000 cases over >5 years) independently 
diagnosed the images obtained from the 199 cases. If the indi-
vidual diagnostic interpretations differed, the 3 reviewers dis-
cussed the case until a consensus was obtained. For cases in which 
a diagnosis of JNET classification was difficult because of incon-
sistent interpretations between the vessel and surface patterns, 
the 3 reviewers determined the final JNET diagnosis via consen-
sus after discussion. The consensus NBI diagnosis was then com-
pared with the final pathological diagnosis. Histological diagno-
ses were reviewed by a pathologist (T.T.) with expertise in the 
field of colorectal tumors and blinded to the NBI findings. His-
topathology was defined according to the World Health Organi-
zation classification system  [12] . Initially, the interobserver 
agreement among the 3 observers was calculated. Six months lat-
er, the intraobserver agreement was calculated for a single ob-
server (H.K.). 

  Statistical Analysis 
 The sensitivity, specificity, positive predictive value (PPV), 

negative predictive value (NPV), and accuracy were calculated 
for each classification category. The interobserver agreement and 
the intraobserver agreement were calculated using κ coefficients, 
using the following arbitrary interpretation reported by Landis 
and Koch  [13] : poor, 0–0.20; fair, 0.21–0.40; moderate, 0.41–0.60; 
substantial, 0.61–0.80; and excellent, 0.81–1.00.
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  Results 

 JNET Classification 
 As shown in  Figure 1 , all 199 colorectal tumors en-

rolled in this study were classified as JNET Type 1, Type 
2A, Type 2B, or Type 3, as has been previously described 
 [11  ] . Representative NBI pictures from this study that 
correspond to each JNET type are shown in  Figure 1 .

  Sensitivity, Specificity, PPV, NPV, and Accuracy of 
JNET 
 The pathological analysis of 199 lesions revealed 14 

cases of HP/SSP, 127 cases of LGD, 22 cases of HGD, 19 
cases of SM-s, and 17 cases of SM-d.  Table 1  demonstrates 
the relationships between JNET categories and histology, 
whereas  Table 2  presents the diagnostic characteristics for 
each category. The sensitivity, specificity, PPV, NPV, and 
accuracy for Type 1 were 85.7% (12/14), 99.5% (184/185), 

 Table 1.  The relationship between JNET classification and histology

JNET
classification

 Histology

HP /SSP LGD HGD SM-s SM-d

Type 1 (n = 13) 12 (92.3) 1 (7.7)
Type 2A (n = 135) 2 (1.5) 122 (90.4) 8 (5.9) 2 (1.5) 1 (0.7)
Type 2B (n = 46) 4 (8.7) 14 (30.4) 17 (37.0) 11 (23.9)
Type 3 (n = 5) 5 (100)

 HP, hyperplastic polyp; SSP, sessile serrated polyp; LGD, low-grade dysplasia; HGD, high-grade dysplasia; 
SM-s (T1a), shallow submucosal invasive cancer; SM-d (T1b), deep submucosal invasive cancer.

Type 1 Type 2A Type 2B Type 3

Regular caliber2

Regular distribution 
(meshed/spiral pattern)  

Vessel pattern Invisible1 Variable caliber
Irregular distribution  

Loose vessel areas
Interruption of thick vessels 

Surface pattern Regular dark or white spots
Similar to surrounding normal
mucosa  

Regular 
(tubular/branched/papillary)   

Irregular or obscure

Most likely
histology  

Hyperplastic polyp/
Sessile serrated polyp  

Low-grade dysplasia  High-grade dysplasia/ 
Shallow submucosal invasive 
cancer3 

Deep submucosal 
invasive cancer  

Endoscopic
image  

 

Amorphous area

  Fig. 1.  The Japan Narrow Band Imaging (NBI) Expert Team (JNET) classification.  1  If visible, the caliber in the 
lesion is similar to that of the surrounding normal mucosa.  2  Microvessels are often distributed in a punctate pat-
tern, and well-ordered reticular or spiral vessels may not be observed in depressed lesions.  3  Deep submucosal 
invasive cancer may be included. The NBI images corresponding to each JNET type were obtained from patients 
recruited for this study. 
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92.3% (12/13), 98.9% (184/186), and 98.5% (196/199), re-
spectively. The corresponding values for Type 2A were 
96.0% (122/127), 81.9% (59/72), 90.3% (122/135), 92.1% 
(59/64), and 90.9% (181/199), respectively; for Type 2B 
75.6% (31/41), 90.5% (143/153), 67.3% (143/153), 93.4% 
(143/153), and 87.4% (174/199), respectively; and for 
Type 3 29.4% (5/17), 100% (182/182), 100% (5/5), 93.8% 
(182/194), and 94.0% (187/199), respectively. 

  Interobserver and Intraobserver Agreement for the 
JNET Classification 
 Moderate interobserver agreement was observed 

among the 3 observers (vessel/surface pattern κ values = 
0.52/0.52). The complete concordance rate for vessel and 
surface patterns among the 3 observers was 67%. In con-
trast, the intraobserver agreement was excellent (vessel/
surface pattern κ values = 0.87/0.88). 

  Discussion 

 In this study, we obtained preliminary data regarding 
the clinical utility of the JNET classification system for the 
diagnosis of colorectal tumors by classifying 199 colorec-
tal lesions through a review of magnifying NBI images 
and a comparison with pathological findings. The NBI 
diagnoses of JNET Type 1 and Type 2A correlated strong-
ly with the HP-SSP and LGD types, respectively, suggest-
ing that these lesion types could be diagnosed using the 
JNET classification alone. In contrast, pathological exam-
ination revealed that JNET Type 2B included a wide va-
riety of colorectal tumors ranging from LGD to SM-d le-
sions. Therefore, a careful consideration of the endoscop-
ic treatment strategy would be required for a diagnosed 
JNET Type 2B lesion. Similarly, the diagnosis of SM-d 
lesions according to the JNET classification alone was not 
satisfactory, as these lesions could be classified as either 
JNET Type 3 or Type 2B. Conversely, JNET Type 3 cor-

related strongly with SM-d lesions. Taken together, these 
data suggest that the JNET classification system is a useful 
tool for the diagnosis of HP-SSP, LGD, and SM-d lesions. 

  Consistent with a previous report by Sumimoto et al. 
 [14] , the sensitivity, specificity, PPV, NPV, and accuracy 
of the JNET Type 1 classification were satisfactory. These 
parameters were similarly high for JNET Type 2A, sug-
gesting that HP-SSP and LGD lesions can be accurately 
diagnosed using the JNET classification alone. The spec-
ificity and PPV of the JNET Type 3 classification were 
both 100%, indicating that JNET Type 3 correlates with 
the pathological diagnosis of SM-d lesions that require 
surgical resection. In contrast, the sensitivity, specificity, 
PPV, NPV, and accuracy were unsatisfactory for Type 2B 
lesions, as pathological analysis revealed that this catego-
ry included various types of colorectal tumors while ex-
cluding HP/SSP lesions. Therefore, subsequent magnify-
ing chromoendoscopy is strongly recommended for le-
sions within this category.

  Studies have been performed to evaluate the usefulness 
of the NICE classification for the diagnosis of colorectal 
tumors since its initial proposal in 2009  [7, 8] . Hattori et 
al.  [9]    reported   that the risk of failure to detect diminutive 
and small colorectal invasive cancers using the “resect 
and discard” strategy might be avoided by using the NICE 
classification. In another multicenter study, Rees et al. 
 [10]  provided evidence that an NBI-assisted optical diag-
nosis could not currently be recommended for the diag-
nosis of colorectal polyps in the absence of NBI expertise. 
These negative findings might be attributable to the in-
clusion of a wide range of pathologies (from LGD to SM-s 
[T1a]) within the NICE Type 2 classification. 

  Therefore, colonoscopists have often encountered dif-
ficulties regarding the application of NICE classifications 
to the endoscopic diagnosis of colorectal tumors, includ-
ing difficulties regarding the selection of an appropriate 
endoscopic resection procedure (i.e., choosing between 
EMR, which is mainly intended for LGD and HGD le-

 Table 2. Performance characteristics (95% CI) of each type in JNET classification

Sensitivity, % Specificity, % PPV, % NPV, % Accuracy, %

Type 1 85.7 (57.2 – 98.2) 99.5 (97.0 – 100.0) 92.3 (64.0 – 99.8) 98.9 (64.0 – 99.8) 98.5 (95.7 – 99.7)
Type 2A 96.0 (91.0 – 98.7) 81.9 (71.1 – 90.0) 90.3 (84.1 – 94.8) 92.1 (82.7 – 97.4) 90.9 (86.1 – 94.6)
Type 2B 75.6 (59.7 – 87.6) 90.5 (84.8 – 94.6) 67.3 (52.0 – 80.5) 93.4 (88.3 – 96.8) 87.4 (82.0 – 91.7)
Type 3 29.4 (10.3 – 56.0) 100 (98.0 – 100) 100 (47.8 – 100) 93.8 (89.4 – 96.8) 94.0 (89.7 – 96.8)

CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value.
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sions, and ESD, which is intended for lesions from HGD 
to SM-s [T1a]). The JNET classification, which includes 
NBI magnifying observations, was proposed to resolve 
these problems .  The use of magnifying endoscopy to sub-
divide the NICE Type 2 category into the JNET Type 2A 
and Type 2B categories promoted the diagnosis of LGD 
lesions in both the present study and a previous study 
 [11] . It should be noted, however, that the diagnostic val-
ue of the JNET classification is unsatisfactory, especially 
regarding JNET Type 2A and 2B. Therefore, it is too ear-
ly to determine the superiority of the JNET classification 
over the NICE classification until the results of clinical 
trials that directly address the utilities and accuracies of 
both classifications are available.

  Consistent with the previous study  [11] , our results 
support the superiority of the JNET classification over the 
NICE classification. The utilization of magnifying NBI 
might partially explain the improved diagnostic accuracy 
of the JNET classification for LGD lesions. Magnifying 
endoscopy can optically zoom up to 100 times in real time 
and reveal detailed pit pattern characteristics, compared 
with the conventional observations used to differentiate 
between non-neoplastic polyps and neoplastic colorectal 
polyps    [15, 16] .

  To our knowledge, this is the first study to demon-
strate interobserver and intraobserver colorectal tumor 
diagnosis agreement regarding the JNET classification. 

Although the interobserver agreement was moderate, the 
intraobserver agreement was excellent. This might be be-
cause a significant proportion of JNET Type 2A and Type 
2B lesions comprise uncertain or borderline lesions, lead-
ing to highly variable diagnoses. The presence of Type 
2A–2B borderline lesions might affect not only the in-
terobserver agreement, but also the specificity and sensi-
tivity. Therefore, it was difficult to definitively diagnose a 
significant proportion of colorectal tumors in this study 
as Type 2A or Type 2B, which may contribute to the low 
specificity of Type 2A. The high sensitivities of JNET 
Type 1 and Type 2A in this study suggest that these types 
correlate strongly with HP-SSP and LGD, respectively, 
and can, therefore, be used alone to diagnose these le-
sions. In contrast, the pathological examination revealed 
that JNET Type 2B included a wide variety of colorectal 
tumors, and, therefore, could not specifically indicate 
HGD or SM-d. Similarly, the diagnosis of SM-d lesions 
using the JNET classification alone was unsatisfactory, as 
these lesions exhibit characteristics of both Type 3 and 
Type 2B. However, JNET Type 3 correlated strongly with 
SM-d lesions. Taken together, these data suggest that the 
JNET classification system is a useful tool for the diagno-
sis of HP/SSP, LGD, and SM-d lesions.

  JNET Type 2A and Type 2B had a relatively low spec-
ificity and sensitivity, respectively. We attribute this to the 
fact that JNET Type 2B lesions comprise a variety of co-
lorectal tumors and that a significant proportion of colo-
rectal tumors exhibit Type 2A–2B borderline NBI find-
ings. Therefore, colonoscopists should perform magnify-
ing chromoendoscopy followed by a pit pattern diagnosis 
for these uncertain 2A–2B borderline lesions. Based on 
the findings presented in this study, we have devised a 
flowchart of our strategy, for the selection of endoscopic 
colorectal tumor treatment, which employs both the 
JNET classification and chromoendoscopy ( Fig. 2 ). 

  It should be noted that prospective and multicenter 
studies that address the usefulness of both the JNET clas-
sification and magnifying chromoendoscopy for the di-
agnosis of colorectal tumors will be required to confirm 
this concept. 

  This study has some notable limitations. First, the 
study was conducted using pre-existing digital image files 
from medical records. Second, it was conducted at a sin-
gle center, and JNET classification was performed only by 
expert colonoscopists. Third, only a few JNET Type 3 cas-
es were included. Finally, this study did not include a 
comparison with other classification systems, such as the 
Sano, Hiroshima, Showa, and Jikei classifications  [17–
20] . 

Type 1

Observation

Type 2A

Endoscopic resection

Treatment

Magnifying
chromoendoscopy

JNET classification

Therapeutic strategy

Type 2B Type 3

Surgery

  Fig. 2.  A therapeutic strategy based on the JNET classification and 
magnifying chromoendoscopy. 
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  In conclusion, the JNET classification is a valid tool for 
predicting the histology of localized colorectal lesions. A 
JNET diagnosis of Type 1, 2A, or 3 corresponds to a path-
ological diagnosis of a HP/SSP, LGD, or SM-d lesion, re-
spectively, without requiring magnifying chromoendos-
copy. However, magnifying chromoendoscopy is strong-
ly recommended for the accurate diagnosis of Type 2B 
and uncertain 2A–2B borderline lesions. Multicenter 
prospective studies to validate our conclusions should be 
conducted in the near future.
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6 TIC parameters and subjective analysis for diagnosing pan-
creatic carcinoma were compared.  Results:  Values of peak 
intensity and I 60  were significantly lower and time to peak 
was significantly longer in the groups with pancreatic carci-
nomas than in the other 3 tumor groups ( p  < 0.05). Reduction 
rate was significantly higher in pancreatic carcinomas than 
in pancreatic neuroendocrine tumors ( p  < 0.05). Areas under 
the receiver-operating characteristic curves for the diagno-
sis of pancreatic carcinoma using subjective analysis, base-
line intensity, peak intensity, intensity gain, I 60 , time to peak, 
and reduction rate, were 0.817, 0.664, 0.810, 0.751, 0.845, 
0.777, and 0.725, respectively. I 60  was the most accurate 
parameter for differentiating pancreatic carcinomas from 
the other groups, giving values of sensitivity/specificity of 
92.7/68.6% when optimal cutoffs were chosen.  Conclusions:  
In pancreatic carcinomas, TIC patterns were markedly differ-
ent from the other tumor types, with I 60  being the most ac-
curate diagnostic parameter. Quantitative perfusion analysis 
is useful for differentiating pancreatic carcinomas from other 
pancreatic tumors.  © 2017 S. Karger AG, Basel 
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 Abstract 
  Objectives:  This study evaluated whether quantitative per-
fusion analysis with contrast-enhanced harmonic (CH) endo-
scopic ultrasonography (EUS) characterizes pancreatic tu-
mors, and compared the hemodynamic parameters used to 
diagnose pancreatic carcinoma.  Methods:  CH-EUS data from 
pancreatic tumors of 76 patients were retrospectively ana-
lyzed. Time-intensity curves (TIC) were generated to depict 
changes in signal intensity over time, and 6 parameters were 
assessed: baseline intensity, peak intensity, time to peak, in-
tensity gain, intensity at 60 s (I 60 ), and reduction rate. These 
parameters were compared between pancreatic carcinomas 
( n  = 41), inflammatory pseudotumors ( n  = 14), pancreatic 
neuroendocrine tumors ( n  = 14), and other tumors ( n  = 7). All 
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 Introduction 

 The number of reports on the utility of contrast-en-
hanced harmonic (CH) endoscopic ultrasonography 
(EUS) in the differential diagnosis of pancreatic masses 
has been increasing  [1–5] . CH-EUS depicted the hypo-
enhancement of pancreatic carcinomas with high sensi-
tivity (89–96%) and specificity (64–94%)  [1–5] . Nonethe-
less, the visual evaluation of CH-EUS scans may be influ-
enced by the endosonographers’ subjective impressions 
 [6] . In addition, there was no standardized method to 
analyze the images after the infusion of an ultrasound 
contrast agent, particularly regarding how to determine 
the enhancement pattern of the EUS-depicted pancreatic 
masses.

  Recent studies have described quantitative perfusion 
analysis of pancreatic diseases using a time-intensity 
curve (TIC), which depicts the changes in signal intensity 
over time within a region of interest (ROI) after infusion 
of an ultrasound contrast agent  [7–12] . However, the 
scanning methods and the parameters evaluated varied 
between these reports. Therefore, the primary aim of this 
study was to determine if quantitative perfusion analysis 
with CH-EUS helps to characterize pancreatic tumors. 
The secondary aim was to find the most accurate hemo-
dynamic parameter of TIC for differentiating pancreatic 
carcinoma from other pancreatic tumors.

  Patients and Methods 

 Patients and Study Design 
 This retrospective study included patients with a suspect pan-

creatic mass on the basis of results from computed tomography 
(CT), magnetic resonance imaging, or transabdominal ultraso-
nography (US), and who underwent both standard EUS and CH-
EUS between February 2011 and February 2012 at the Department 
of Gastroenterology and Hepatology, Kindai University Faculty of 
Medicine. Patients were enrolled if the solid component of the 
mass was >75% of the total volume and if, after EUS examinations, 
they had undergone surgery or EUS-guided fine-needle aspiration 
(EUS-FNA) leading to a histological or cytological diagnosis, with 
a follow-up of at least 12 months. Pancreatic cystic tumors with a 
content of solid tumor <25% were excluded. The histological or 
cytological outcome was considered the gold standard diagnosis 
for the purposes of this study and was used to divide patients into 
4 groups: pancreatic carcinomas, pancreatic neuroendocrine tu-
mors, inflammatory pseudotumors, and other tumors. 

  Endoscopic Ultrasonography 
 Conventional EUS of the pancreas without a contrast agent was 

performed first, giving special attention to pancreatic masses. 
When conventional EUS revealed a solid lesion, images of the ide-
al scanning plane were displayed to portray the whole area of the 

lesion. Thereafter, the imaging mode was changed to the extended 
pure harmonic detection mode. This mode synthesizes the filtered 
second harmonic components with signals obtained from the 
phase shift, which is used for CH imaging. The transmitting fre-
quency and mechanical index were 4.7 MHz and 0.3, respectively. 
The ultrasound contrast agent Sonazoid (Daiichi-Sankyo, Tokyo, 
Japan) was used. Immediately before CH-EUS, the contrast agent 
was reconstituted with 2 mL of sterile water for injection, and a 
dose of 15 μL/kg body weight was prepared in a 1-mL syringe. A 
bolus injection of the contrast agent was administered. With a 
frame rate of about 10 images/s, all images and hemodynamic data 
were acquired using a ProSound Alpha 10 US system (Aloka, To-
kyo, Japan). All EUS procedures were performed by 2 endosonog-
raphers (M. Kitano and H. Sakamoto). One was responsible for 
endoscopic manipulation and scanning, and the other for operat-
ing the US scanner. Both endosonographers are certified by the 
Japan Gastroenterological Endoscopy Society and have >10 years 
of experience with CH-EUS; each has performed >1,000 CH-EUS 
procedures. Subjective analysis was performed by these endo-
sonographers for diagnosing pancreatic carcinoma. A hypo-en-
hancement pattern defined pancreatic carcinoma. 

  TIC Analysis 
 The acquired images were reviewed using the software “Time 

Intensity Curve” (ProSound Alpha-10 US system; Aloka, Tokyo, 
Japan). An ROI was placed over the pancreatic mass to cover an 
area as large as possible, and a TIC was generated to depict the 
changes in signal intensity over time within the ROI ( Fig. 1 ). From 
these data, the software calculated the baseline intensity (dB), and, 
then, after the injection of contrast medium, the peak intensity 
(dB), the time to peak (s), the intensity gain (dB), the intensity at 
60 s (I 60 , dB), and the reduction rate at 60 s (reduction rate [%] = 
[1 – I 60 /peak intensity] × 100) ( Fig. 1 ).

  Statistical Analysis 
 All analyses were performed using the statistical software SAS 

9.1.3 (SAS Institute Inc., Cary, NC, USA). The Steel-Dwass test was 
applied to compare the TIC parameters among the 4 groups. When 
the  p  value was <0.05, the difference was considered statistically 
significant. For the diagnosis of pancreatic carcinoma, receiver-
operating characteristic (ROC) analysis was performed for all TIC 
parameters to determine the sensitivity, specificity, and odds ratio 
using the optimal cutoff value. 

  Results 

 During the study period, 76 consecutive patients with 
suspect pancreatic masses were enrolled. Of the enrolled 
patients, 44 were men and 32 women; their mean age was 
68.3 ± 10.2 years.  Table 1  shows the final diagnoses in the 
76 patients. There were 41 patients with pancreatic carci-
noma, which was diagnosed histologically after surgical 
resection in 13 cases and EUS-FNA in 28. Six patients 
with pancreatic neuroendocrine tumor were diagnosed 
by histological analysis of resected specimens. In the re-
maining 8 patients, neuroendocrine tumor was diag-
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nosed based on EUS-FNA. In all patients with inflamma-
tory pseudotumor, which was diagnosed histologically 
after EUS-FNA, periodic follow-up with CT and/or EUS 
revealed a reduction or no change in size. In 10 patients 
who were suspected of having autoimmune pancreatitis 
based on the 2011 International Clinical Diagnostic Cri-
teria, tumor reduction was observed after steroid therapy 
 [13] . In the group of 7 patients with other tumors, 4 were 
pancreatic metastases from renal cell carcinoma, 2 pan-
creatic metastases from ductal carcinoma of the breast, 
and 1 was a solid pseudopapillary neoplasm.

  There was no significant difference in baseline inten-
sity among the 4 groups ( Fig. 2 a). After the injection of 
contrast medium, values of peak intensity and I 60  for the 
pancreatic carcinoma group were significantly lower than 
those of the other groups ( p  < 0.05) ( Fig. 2 b, d). Values of 
intensity gain for the pancreatic carcinoma group were 
significantly lower than those of the pancreatic neuroen-
docrine tumor group and the other tumor groups ( p  < 
0.05), although there was no significant difference in in-
tensity gain between pancreatic carcinoma and inflam-
matory pseudotumor groups ( Fig.  2 c). Instead, time to 
peak was significantly longer in the pancreatic carcinoma 
group than in the other groups ( p  < 0.05) ( Fig. 2 e). Fi-
nally, the reduction rate for pancreatic carcinomas was 
significantly higher than for pancreatic neuroendocrine 
tumors ( p  < 0.01) ( Fig. 2 f). 

  In ROC analysis for the diagnosis of pancreatic carci-
nomas ( Fig. 3 ), the areas under the curve for subjective 
analysis, baseline intensity, peak intensity, intensity gain, 
I 60 , time to peak, and reduction rate were 0.817, 0.664, 
0.810, 0.751, 0.845, 0.777, and 0.725, respectively. Ac-
cording to the ROC data, the optimal cutoff values for 
these parameters without subjective analysis were 3.2, 
15.1, 13.7, and 12.4 dB, 12.0 s, and 31.4%, respectively. 
These cutoffs correspond to the values of sensitivity, spec-
ificity, and odds ratio ( Table 2 ). In addition, subjective 
analyses for the diagnosis of pancreatic carcinomas are 

 Table 1.  Patient characteristics

Age (mean ± SD), years 68.3 ± 10.2
Gender (males/females) 44/32
Maximum tumor diameter (mean ± SD), mm 25.9 ± 16.5
Final diagnosis, total n (n surgically resected)

Pancreatic carcinoma 41 (13)
Inflammatory pseudotumor 14 (0)
Pancreatic neuroendocrine tumor 14 (6)
Other tumor 7 (1)

Pancreatic metastasis from RCC 4 (0)
Pancreatic metastasis from BC 2 (0)
Solid pseudopapillary neoplasm 1 (1)

RCC, renal cell carcinoma; BC, breast carcinoma.

  Fig. 1.  Quantitative perfusion analysis of 
contrast-enhanced harmonic endoscopic 
ultrasonography of a pancreatic carcino-
ma. A region of interest (yellow circle) is 
placed over the pancreatic mass. Baseline 
intensity (dB), echo intensity before injec-
tion of contrast agent; peak intensity (dB), 
echo intensity at the peak; time to peak (s), 
time from injection of contrast medium to 
peak intensity; intensity gain, echo inten-
sity gain from baseline to peak intensity; 
I 60,  echo intensity 60 s after injection of 
contrast medium; reduction rate (%), the 
rate of reduction intensity from the peak to 
60 s: reduction rate = (1 – I 60 /peak inten-
sity) × 100). 
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shown in  Table 2 . The sensitivity and specificity of subjec-
tive analyses were 80.4 and 82.9%. The I 60  (cutoff = 12.4 
dB) was the most accurate parameter by ROC analysis for 
the diagnosis of pancreatic carcinomas with 92.7% sensi-
tivity, 68.6% specificity, and an odds ratio of 27.636.

  Discussion 

 In this study, various TIC parameters were assessed in 
pancreatic masses and compared in terms of their ability 
to diagnose pancreatic carcinoma. In pancreatic carci-
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  Fig. 2.  Comparison of time-intensity curves (TIC) among 4 types of pancreatic tumors. TIC parameters include 
baseline intensity ( a ), peak intensity ( b ), intensity gain ( c ), intensity gain at 60 s ( d ), time to peak ( e ), and reduc-
tion rate ( f ). PC, pancreatic carcinomas ( n  = 41); IPT, inflammatory pseudotumors ( n  = 14); PNET, pancreatic 
neuroendocrine tumors ( n  = 14); OT, other tumors ( n  = 7). Values shown are medians (horizontal lines), 25th 
and 75th percentiles (boxes), and ranges (vertical lines).  *   p  < 0.05,  *  *   p  < 0.01,  *  *  *   p  < 0.005 (Steel-Dwass test). 

 Table 2. Receiver-operating characteristic analysis of quantitative perfusion data from contrast-enhanced har-
monic endoscopic ultrasonography for the diagnosis of pancreatic carcinoma

Parameter AUC Cutoff Sensitivity Specificity Odds ratio

Subjective analysis 0.817 – 80.4% 82.9% 19.938
Baseline intensity 0.664 3.2 dB 56.1% 74.3% 3.691
Peak intensity 0.810 15.1 dB 70.7% 82.9% 11.681
Intensity gain 0.751 13.7 dB 82.5% 65.7% 9.036
I60 0.845 12.4 dB 92.7% 68.6% 27.636
Time to peak 0.777 12.0 s 73.2% 74.3% 7.879
Reduction rate 0.725 31.4% 65.9% 71.4% 4.821

 I60, intensity gain at 60 s; AUC, area under the curve.
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noma patients, TIC patterns markedly differed from the 
other tumor types. This clinical observation suggests 
quantitative analysis with CH-EUS is useful in the dif-
ferential diagnosis of pancreatic masses. There have been 
some reports on the usefulness of a quantitative analysis 
of CH-EUS data using TIC in the diagnosis of pancre-
atic tumors. Seicean et al.  [10]  compared pancreatic car-
cinomas and mass-forming chronic pancreatitis in terms 
of contrast medium uptake and concluded that the up-
take ratio (tumor/surrounding tissue) was significantly 
lower in adenocarcinomas than in pancreatitis, although 
they analyzed data from 30 patients only. Gheonea et al. 
 [11]  assessed various parameters including area under 
the ROC curve, time to peak, and maximum and median 
intensity; in their report, the sensitivity and specificity 
were remarkably high (93.75 and 89.47%), although it 
was unclear which parameter was used for diagnostic 
analysis, and the cutoff values for the parameters were 
not reported. Imazu et al.  [8]  found that autoimmune 
pancreatitis ( n  = 8) and pancreatic carcinomas ( n  = 18) 
had markedly different TIC. Intensity gain of pancreatic 
mass lesions in patients with autoimmune pancreatitis 
was significantly higher than in patients with pancreatic 
carcinomas (accuracy, 100%). Săftoiu et al.  [12]  reported 
the usefulness of TIC and an automated computer-aided 

diagnostic system based on their TIC data. Matsubara et 
al.  [9]  compared the reduction rate from the peak at 
1 min between pancreatic carcinomas ( n  = 48), inflam-
matory pseudotumors ( n  = 27), and pancreatic neuroen-
docrine tumors (n = 16). In their report, the reduction 
rate was greatest in pancreatic carcinomas followed by 
mass-forming pancreatitis, autoimmune pancreatitis, 
and pancreatic neuroendocrine tumors ( p  < 0.05). How-
ever, it is difficult to determine the diagnostic accuracy 
with quantitative analysis because these previous reports 
enrolled patients with different kinds of diseases and em-
ployed different kinds of parameters. Therefore, our 
study included all solid tumors and assessed various pa-
rameters. There are several parameters for diagnosing 
pancreatic tumors. From these previous reports  [7–12] , 
we chose baseline intensity, peak intensity, intensity 
gain, I 60 , time to peak, and reduction rate as parameters 
for TIC analysis. Peak intensity, intensity gain, and I 60  
were significantly lower in the pancreatic carcinoma 
group than in the other groups, while time to peak and 
reduction rate were higher. These results suggest that 
pancreatic carcinomas have a slower blood inflow veloc-
ity and faster blood outflow velocity, and may reflect the 
fact that most of these carcinomas have a rich fibrous 
stroma that usually accounts for the observed hypovas-
cularity  [14–16] . However, there are no reports on which 
TIC parameter represents vessel volume or fibrosis. Fur-
ther CH-EUS studies on tumors that are all surgically 
resected are needed to clarify the histological meaning of 
the 6 TIC parameters used in the present study.

  The current study first compared the diagnostic utility 
of different kinds of TIC parameters using ROC analysis 
and determined the most reliable TIC parameter. ROC 
analysis revealed that the best parameter for diagnosing 
pancreatic carcinomas was I 60 . When the cutoff for I 60  
was set at 12.4 dB, sensitivity and specificity were 92.7 and 
68.6%, respectively. I 60  had a higher sensitivity than sub-
jective analysis. Eight out of 38 (21%) correctly diagnosed 
as pancreatic carcinoma by I 60  presented an iso-enhance-
ment pattern by subjective analysis. Despite the evalua-
tion by experts, subjective analysis can be difficult to dis-
tinguish from iso- or hypo-enhancement patterns. There-
fore, the case of iso-enhancement pattern might be a good 
adaptation of TIC analysis.

  Although I 60  was lower than subjective analysis in 
specificity, I 60  was higher than subjective analysis in ROC/
area under the ROC curve. ROC analysis can change the 
cutoff in all parameters. When the patient cannot receive 
EUS-FNA because of anticoagulation therapy or inter-
vening vessel, higher specificity is required.
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  Fig. 3.  Receiver-operating characteristic curves for the diagnostic 
ability of time-intensity curves of contrast-enhanced harmonic en-
doscopic ultrasonography for pancreatic carcinoma. The areas un-
der the curve for subjective analysis, baseline intensity, peak inten-
sity, intensity gain, intensity gain at 60 s (I 60 ), time to peak, and 
reduction rate were 0.817, 0.664, 0.810, 0.751, 0.845, 0.777, and 
0.725, respectively.                                       
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  In the present study, a single ROI was placed over the 
pancreatic tumor. Some reports used a second, parenchy-
mal ROI in the surrounding tissue and measured the val-
ue in the tumor relative to the surrounding tissue  [10, 11] . 
However, when the tumor is large, it is not possible to set 
2 ROI (the tumor and the surrounding tissue) on a fixed 
single image. Moreover, setting 2 ROI may lead to selec-
tion bias. Therefore, we chose a single ROI and placed it 
so as to cover the largest possible tumor area, because the 
intensity in the tumor is heterogeneous.

  Our study has several limitations. A fixed single image 
without sweep scan technique has to be used in order to 
obtain TIC. If subjective observation is employed, sweep 
scanning of the whole lesion with the transducer allows 
comparison of the tumor and the surrounding tissue in 
relatively large tumors. It was a retrospective study at a 
single center, and the sample number was relatively small. 
Also, some tumors were diagnosed based only on samples 
obtained by EUS-FNA and follow-up with imaging. A 
multicenter, prospective study in a larger patient cohort 

diagnosed only on surgical resection specimens is needed 
to clarify the diagnostic utility of quantitative perfusion 
analysis with CH-EUS.

  In conclusion, pancreatic carcinoma exhibited mark-
edly different TIC patterns from inflammatory pseudotu-
mors, pancreatic neuroendocrine tumors, and other pan-
creatic tumors. Thus, quantitative perfusion analysis is 
useful to differentiate pancreatic carcinomas from other 
pancreatic masses. I 60  is the most accurate parameter.
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 Methods:  The clinical data of 69 consecutive patients with 
IPMNs who underwent preoperative EUS and surgical resec-
tion between April 2010 and October 2014 were collected 
prospectively. The association of EUS-CP findings (total 
number of EUS-CP findings; 0 vs.  ≥ 1) with invasive IPMN was 
examined. The association of EUS-CP findings with patho-
logical changes of the background pancreatic parenchyma 
(atrophy/inflammation/fibrosis) was also examined.  Results:  
Among patients with EUS-CP findings, invasive intraductal 
papillary mucinous carcinoma (IPMC) was significantly more 
frequent than among patients without EUS-CP findings 
(42.5% [17/40] vs. 3.4% [1/29],  p  = 0.0002). In addition, pa-
tients with EUS-CP findings had higher grades of pancreatic 
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 Abstract 
  Background/Objectives:  The recent guideline for intraduct-
al papillary mucinous neoplasms (IPMNs) focuses on mor-
phological features of the lesion as signs of malignant trans-
formation, but ignores the background pancreatic paren-
chyma, including features of chronic pancreatitis (CP), which 
is a risk factor for pancreatic malignancies. Endoscopic ultra-
sonography frequently reveals evidence of CP (EUS-CP find-
ings) in the background pancreatic parenchyma of patients 
with IPMNs. Therefore, we investigated whether background 
EUS-CP findings were associated with malignant IPMN. 
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atrophy and inflammation than patients without EUS-CP 
findings (atrophy: 72.5% [29/40] vs. 34.5% [10/29],  p  = 0.003; 
inflammation: 45.0% [18/40] vs. 20.7% [6/29],  p  = 0.04).  Con-
clusions:  In IPMN patients, detection of EUS-CP findings in 
the background pancreatic parenchyma was associated 
with a higher prevalence of invasive IPMC. Accordingly, EUS 
examination should not only assess the morphological fea-
tures of the lesion itself, but also EUS-CP findings in the back-
ground parenchyma.  © 2017 S. Karger AG, Basel 

 Introduction 

 Intraductal papillary mucinous neoplasms (IPMNs) 
are a well-characterized group of intraductal mucin-pro-
ducing cystic neoplasms of the pancreas with malignant 
potential  [1, 2] . In the 2012 international consensus guide-
lines, high-risk IPMN included two clinical categories 
with “high-risk stigmata” and “worrisome features,” and 
different therapeutic strategies were recommended for 
both groups. It is recommended that patients with “high-
risk stigmata” be treated by surgical resection  [3–7] . Pa-
tients who have “worrisome features” and additional 
high-risk signs should also undergo resection, while pa-
tients with “worrisome features” alone should receive 
careful follow-up. The “high-risk stigmata” of IPMNs that 
can be detected by endoscopic ultrasonography (EUS) are 
an enhancing solid component inside the cyst and dilation 
of the main pancreatic duct (>10 mm)  [3, 8–11] . Addi-
tional high-risk signs among the “worrisome features” are 
a definite mural nodule and suspected main duct involve-
ment  [12, 13] . Thus, the current guidelines focus on the 
morphological features of IPMN as revealed by EUS.

  On the other hand, although not described in previous 
reports, clinical experience suggests that evidence of 
chronic pancreatitis (CP) is frequently identified in the 
background pancreatic parenchyma of IPMN patients by 
EUS (EUS-CP findings). CP is a well-known risk factor 
for pancreatic malignancy, including pancreatic ductal 
adenocarcinoma  [14–16] . However, the relationship be-
tween malignant transformation of IPMNs and patho-
logical changes of the pancreatic parenchyma, such as at-
rophy, inflammation, and fibrosis, remains unclear. 
Moreover, changes of the background parenchyma are 
not considered to be a high-risk sign for malignant IPMN 
in the current guideline. We hypothesized that EUS-CP 
findings might be associated with malignant IPMN.

  To test this hypothesis, we utilized a database of 69 con-
secutive patients with IPMNs who underwent preopera-

tive EUS and surgical resection at Kobe University Hospi-
tal. We examined the association of EUS-CP findings with 
the incidence of malignant IPMN and with pathological 
changes of the background parenchyma in the resected 
specimens (atrophy, inflammation, and fibrosis).

  Methods 

 Study Design 
 The clinical data of 69 consecutive patients with IPMNs in 

whom EUS was performed before surgical resection at Kobe Uni-
versity Hospital from April 2010 to October 2014 were collected 
prospectively. Patients with concomitant pancreatic carcinoma 
(defined by the presence of two discrete tumors) were excluded. 
We investigated various clinical and tumor characteristics, includ-
ing age, sex, abdominal symptoms (presence vs. absence), serum 
CEA (<5 vs.  ≥ 5 ng/mL), serum CA19-9 (<37 vs.  ≥ 37 U/mL), dia-
betes mellitus (presence vs. absence), habitual drinking (none/
sometimes/daily), alcohol consumption (<50 vs.  ≥ 50 g/day), mac-
roscopic type of IPMN (main duct, mixed, or branch duct type), 
cyst location (head vs. body/tail), main pancreatic duct diameter 
(<5, 5–10, >10 mm), mural nodule in the cyst (presence vs. ab-
sence), cyst diameter (<30, 30–40, >40 mm), and tumor mucin 
phenotype (intestinal, gastric, pancreatobiliary, or oncocytic). Ac-
cording to the 2012 international consensus guidelines  [3] , the 
macroscopic type of IPMN was classified as main duct type (MD-
IPMN), mixed type (Mix-IPMN), or branch duct type (BD-IPMN) 
based on the results of imaging studies, mainly magnetic reso-
nance cholangiopancreatography (MRCP). Tumors were histo-
logically classified into four types (gastric, intestinal, pancreato-
biliary, or oncocytic) according to the appearance on hematoxylin 
and eosin-stained sections and immunohistochemistry with anti-
mucin antibodies (MUC1/MUC2/MUC5AC/MUC6). In patients 
with multiple morphologically distinct IPMNs, each neoplasm was 
classified depending on the type of the dominant component. Tu-
mors were also classified into low-grade dysplasia, high-grade dys-
plasia, or invasive intraductal papillary mucinous carcinoma 
(IPMC). The diameter of the main pancreatic duct and the cyst size 
were measured by MRCP in most cases. In patients who did not 
undergo MRCP, measurement was done by an alternative method, 
such as endoscopic retrograde cholangiopancreatography or com-
puted tomography. The presence of mural nodules was evaluated 
by EUS and magnetic resonance imaging. Abdominal symptoms 
were defined as including abdominal or back pain/discomfort, 
weight loss, appetite loss, and jaundice.

  This study was conducted in accordance with the Declaration 
of Helsinki and its amendments (UMIN-CTR ID: 000021345). The 
study protocol was approved by the ethics committee of Kobe Uni-
versity School of Medicine (No. 1864). All authors had access to 
the study data and reviewed and approved the final manuscript.

  Evaluation of the Pancreatic Parenchyma by EUS 
 Three echo-endoscopes (GF-UCT240, GF-UCT260, or GF-

UE260; Olympus, Tokyo, Japan) were used in this study. EUS-CP 
findings refer to the parenchymal features of CP in the Rosemont 
classification recently proposed as EUS diagnostic criteria for this 
condition  [17] . These findings included “hyperechoic foci with 
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shadowing,” “lobularity with honeycombing,” “lobularity without 
honeycombing,” “hyperechoic foci without shadowing,” and 
“stranding” ( Fig. 1 ). “Cysts” is also a parenchymal feature of CP in 
the Rosemont classification, but it was excluded because IPMN 
itself affects cyst formation. For the same reason, ductal features of 
CP in the Rosemont classification were excluded, including “main 
pancreatic duct calculi,” “irregular main pancreatic duct contour,” 
“dilated side branches,” “main pancreatic duct dilation,” and “hy-
perechoic main pancreatic duct margin.”

  EUS-CP findings were reviewed prospectively by an endo-
sonographer (M. Takenaka) who was unaware of the other data. 
All cases were re-examined by a second endosonographer (H. 
Shiomi), who was also unaware of the other data, and there was a 
good correlation of EUS-CP findings between the two endo-
sonographers (κ = 0.80 for score 0 vs.  ≥ 1,  p  < 0.001). Both endo-
sonographers had experience with more than 1,000 EUS examina-
tions.

  Indications for Surgical Resection 
 Indications for surgical resection of IPMN at our hospital were 

decided according to the 2012 International Consensus Guide-
lines. According to the guidelines, resection is recommended for 
MD-IPMN. In the case of Mix-IPMN and BD-IPMN, resection is 
recommended if the patient has “high-risk stigmata.” In patients 
with “worrisome features” and additional high-risk signs, resec-
tion is also recommended.

  Pathological Evaluation of Pancreatic Parenchymal Atrophy, 
Inflammation, and Fibrosis 
 Hematoxylin and eosin-stained tissue sections from all resect-

ed specimens of IPMN were reviewed by a pathologist (Y. Zen), 
who was blinded to all clinical features. Pancreatic parenchymal 
atrophy, infiltration of inflammatory cells, and fibrosis were evalu-
ated in the background pancreatic parenchyma. The severity of 
parenchymal atrophy, inflammation, or fibrosis was graded as 0 
(none), 1+ (mild), 2+ (moderate), or 3+ (severe). Representative 
examples are shown in  Figure 2 .

  Statistical Analysis 
 All statistical analyses were conducted using JMP version 11 

(SAS Institute, Cary, NC, USA), and all  p  values were two-sided. 
The χ 2  test (or Fisher exact test, if appropriate) was used to assess 
associations between categorical variables. To assess the association 
of the number of EUS-CP findings (0 vs.  ≥ 1) with the incidence of 
invasive IPMN, we conducted multivariate logistic regression anal-
ysis. The binary categorical variable (presence and absence) of the 
incidence of invasive IPMN was used as an outcome variable. Mul-
tivariate binary logistic regression analysis was performed to adjust 
for potential confounders. The OR was adjusted for age, alcohol 
consumption, and macroscopic type of IPMN, the  p  value of which 
was <0.2 in univariate analysis. Kappa coefficients were calculated 
to assess agreement of EUS-CP findings between the two observers. 
In all analyses,  p  < 0.05 was considered statistically significant.

a b c

d e f

  Fig. 1.  Typical EUS-CP findings based on the parenchymal features of CP according to the Rosemont classifica-
tion.  a  Normal.  b  Hyperechoic foci with shadowing.  c  Lobularity with honeycombing.  d  Lobularity without hon-
eycombing.  e  Hyperechoic foci without shadowing.  f  Stranding. CP, chronic pancreatitis; EUS, endoscopic ul-
trasonography. 
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  Results 

 Association of EUS-CP Findings with Invasive IPMC 
 We categorized 69 IPMN patients by clinical features 

and factors associated with EUS-CP findings. There were 
29 patients without EUS-CP findings and 40 patients 
with at least one EUS-CP finding. The clinical and mor-
phological features of IPMN are summarized with re-
spect to EUS-CP findings in  Table 1 . Patients with EUS-
CP findings were older than those without EUS-CP find-
ings (70.2 ± 1.4 vs. 65.0 ± 1.7 years,  p  = 0.02). Among the 
patients with EUS-CP findings, invasive IPMC was sig-
nificantly more frequent than among those without EUS-
CP findings (42.5% [17/40] vs. 3.4% [1/29],  p  = 0.0002) 
( Table 2 ). Multivariate analysis showed that detection of 
EUS-CP findings in the background pancreatic paren-
chyma was associated with a higher prevalence of inva-
sive IPMC (multivariate OR = 21.9, 95% CI = 3.8–423.1, 

 p  = 0.0001). Assessment of each EUS-CP finding showed 
that invasive IPMC was significantly more frequent in 
the patients with “stranding” than in those without (55% 
[11/20] vs. 14% [7/49],  p  = 0.002). In addition, invasive 
IPMC was significantly more frequent in the patients 
who had “lobularity without honeycombing” than in 
those without (83% [5/6] vs. 21% [13/63],  p  = 0.004) ( Ta-
ble 3 ).

  Association of EUS-CP Findings with Pathological 
Changes of the Pancreatic Parenchyma 
  Table 4  shows the association between the total num-

ber of EUS-CP findings and the pathological findings 
(atrophy/inflammation/fibrosis) in the background 
pancreatic parenchyma of the IPMN patients. Among 
patients with EUS-CP findings, higher grades of pancre-
atic atrophy and inflammation were observed than in 
those without EUS-CP findings (atrophy: 72.5% [29/40] 

a b c d

e f g h

i j k l

  Fig. 2.  Pathological findings of the background pancreas paren-
chyma in intraductal papillary mucinous neoplasm patients. The 
figure shows the grading of parenchymal atrophy, inflammation, 
and fibrosis of the pancreas.  a–d  Parenchymal atrophy of grades 
0–3.  a  Grade 0 (no atrophic change).  b  Grade 1 (focal atrophy). 
 c  Grade 2 (moderate atrophy).  d  Grade 3 (severe atrophy with few 

residual acinar cells).  e–h  Inflammation of grades 0–3.  e  Grade 0 
(no inflammation).  f  Grade 1 (mild inflammation).  g  Grade 2 
(moderate inflammation with lymphoid aggregates).  h  Grade 3 
(massive inflammation).  i–l  Fibrosis of grades 0–3.  i  Grade 0 (no 
fibrosis).  j  Grade 1 (mild fibrosis).  k  Grade 2 (moderate fibrosis). 
 l  Grade 3 (massive fibrosis). 
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 Table 1.  Characteristics of the patients and the IPMNs (number of EUS-CP findings 0 vs. ≥1)

 Number of EUS-CP findings p value

 0 ≥1

Patients, n 29 40
Age, years 65.0 ± 1.7 70.2 ± 1.4 0.02
Sex, male/female 17/12 20/20 0.50
Abdominal symptoms 5 (17%) 11 (28%) 0.32
CEA ≥5 ng/mL 8 (28%) 13 (33%) 0.66
CA19-9 ≥37 U/mL 8 (28%) 7 (18%) 0.32
Diabetes mellitus 10 (35%) 13 (33%) 0.86
Habitual drinking (none/sometimes/daily) 14/7/8 22/9/9 0.84
Alcohol consumption ≥50 g/day 1 (3%) 5 (13%) 0.19

Clinical features of IPMN
Macroscopic type (main duct/mixed/branch duct) 0/16/13 5/24/11 0.08
Location of cyst (head/body-tail) 18/11 24/16 0.86
Diameter of main pancreatic duct (<5/5 – 10/≥10 mm) 12/10/7 10/14/16 0.26
Mural nodule in cyst 11 (38%) 18 (45%) 0.56
Cyst size (<30/30 – 40/≥40 mm) 14/8/7 23/3/14 0.08
Mucin phenotype (intestinal/gastric/pancreatobiliary/oncocytic) 8/16/4/1 12/24/4/0 0.64
Invasive IPMC 1 (3%) 17 (43%) 0.0002

 Values are presented as n, n (%), or mean ± SD. p < 0.05 was considered statistically significant. CP, chronic pancreatitis; EUS, 
endoscopic ultrasonography; IPMC, intraductal papillary mucinous carcinoma; IPMN, intraductal papillary mucinous neoplasm.

 Table 2. Frequency of invasive IPMC in relation to the number of 
EUS-CP findings

Univariate 
analysis

Patients, 
n

Invasive IPMC p 
valuepresent absent

Total 69 18 (26%) 51 (74%)
EUS-CP findings

≥1 40 17 (43%) 23 (57%) 0.00020 29 1 (3%) 28 (97%)

Multivariate 
analysis

         Invasive IPMC 
         (outcome variable)1

p 
value

EUS-CP findings (≥1)          21.9 (3.8 – 423.1) 0.0001

p < 0.05 was considered statistically significant. 1 Presented as 
OR (95% CI). The score presents as follows: 0 (absent), 1+ (present). 
The OR was adjusted for age, alcohol consumption, macroscopic 
type of IPMN, of which p was <0.2 in Table 1 (univariate analysis). 
CP, chronic pancreatitis; EUS, endoscopic ultrasonography; 
IPMC, intraductal papillary mucinous carcinoma.

 Table 3. Prevalence of invasive IPMC in relation to each EUS-CP 
finding

Patients, 
n

Invasive IPMC p 
valuepresent absent

Total 69 18 (26%) 51 (74%)
Hyperechoic foci with shadowing

Present 10 4 (40%) 6 (60%) 0.44Absent 59 14 (24%) 45 (76%)
Lobularity with honeycombing

Present 2 1 (50%) 1 (50%) 0.46Absent 67 17 (25%) 50 (75%)
Lobularity without honeycombing

Present 6 5 (83%) 1 (17%) 0.004Absent 63 13 (21%) 50 (79%)
Hyperechoic foci without shadowing

Present 27 10 (37%) 17 (63%) 0.16Absent 42 8 (19%) 34 (81%)
Stranding

Present 20 11 (55%) 9 (45%) 0.002Absent 49 7 (14%) 42 (86%)

p < 0.05 was considered statistically significant. CP, chronic 
pancreatitis; EUS, endoscopic ultrasonography; IPMC, intraductal 
papillary mucinous carcinoma.
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vs. 34.5% [10/29],  p  = 0.003; inflammation: 45.0% 
[18/40] vs. 20.7% [6/29],  p  = 0.04). Assessment of the 
pathological correlates with each EUS-CP finding re-
vealed higher grades of pancreatic atrophy, inflamma-
tion, and fibrosis in patients with “stranding” than in 
those without (atrophy: 90%[18/20] vs. 43% [21/49],  p  = 
0.0004; inflammation: 56% [11/20] vs. 27% [13/49],  p  = 
0.03; fibrosis: 75% [15/20] vs. 35% [17/49],  p  = 0.003) 
( Table 5 ).

  Association of Pathological Changes in the Pancreatic 
Parenchyma with Invasive IPMC 
  Figure 3  displays the relationship between pathologi-

cal changes (atrophy, inflammation, and fibrosis) in the 
background pancreatic parenchyma and invasive IPMC. 
Higher grades of atrophy and inflammation were signifi-
cantly associated with the presence of invasive IPMC (at-
rophy:  p  = 0.002; inflammation:  p  = 0.002). Higher grades 
of fibrosis were also associated with invasive IPMC, but 
the relationship was not significant ( p  = 0.057).

 Table 5. Association between each EUS-CP finding and pathological changes in the background pancreatic parenchyma of IPMN 
patients

Patients, 
n

Atrophy p
value

Inflammation p
value

Fibrosis p
valuehigh low high low high low

Total 69 39 (57%) 30 (43%) 24 (57%) 45 (43%) 32 (46%) 37 (54%)
Hyperechoic foci with shadowing

Present 10 8 (80%) 2 (20%) 0.17 6 (60%) 4 (40%) 0.09 6 (60%) 4 (40%) 0.50Absent 59 31 (53%) 28 (47%) 18 (31%) 41 (69%) 26 (44%) 33 (56%)
Lobularity with honeycombing

Present 2 2 (100%) 0 (0%) 0.50 0 (0%) 2 (100%) 0.54 2 (100%) 0 (0%) 0.21Absent 67 37 (55%) 30 (45%) 24 (36%) 43 (64%) 30 (45%) 37 (55%)
Lobularity without honeycombing

Present 6 5 (83%) 1 (17%) 0.22 4 (67%) 2 (33%) 0.17 5 (83%) 1 (17%) 0.09Absent 63 34 (54%) 29 (46%) 20 (32%) 43 (68%) 27 (43%) 36 (57%)
Hyperechoic foci without shadowing

Present 27 18 (67%) 9 (33%) 0.22 11 (41%) 16 (59%) 0.45 11 (41%) 16 (50%) 0.47Absent 42 21 (50%) 21 (50%) 13 (31%) 29 (69%) 21 (50%) 21 (50%)
Stranding

Present 20 18 (90%) 2 (10%) 0.0004 11 (55%) 9 (45%) 0.03 15 (75%) 5 (25%) 0.003Absent 49 21 (59%) 28 (41%) 13 (27%) 36 (73%) 17 (35%) 32 (65%)

Atrophy, inflammation, and fibrosis were divided into two groups based on the grade of pathological findings (high, moderate to 
severe; low, none to mild). p < 0.05 was considered statistically significant. CP, chronic pancreatitis; EUS, endoscopic ultrasonography; 
IPMN, intraductal papillary mucinous neoplasm.

 Table 4. Association between the number of EUS-CP findings and pathological changes in the background pancreatic parenchyma of 
IPMN patients

Patients, 
n

Atrophy p
value

Inflammation p
value

Fibrosis p
valuehigh low high low high low

Total 69 39 (57%) 30 (43%) 24 (57%) 45 (43%) 32 (46%) 37 (54%)
Total number of EUS-CP findings

≥1 40 29 (73%) 11 (27%) 0.003 18 (45%) 22 (55%) 0.04 21 (53%) 19 (47%) 0.330 29 10 (34%) 19 (66%) 6 (21%) 23 (79%) 11 (38%) 18 (62%)

Atrophy, inflammation, and fibrosis were divided into two groups based on the grade of pathological findings (high, moderate, or 
severe; low, none, or mild). p < 0.05 was considered statistically significant. CP, chronic pancreatitis; EUS, endoscopic ultrasonography; 
IPMN, intraductal papillary mucinous neoplasm.
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  Discussion 

 In this study, we found that the frequency of invasive 
IPMC was significantly higher in patients with EUS-CP 
findings than in those without. In other words, IPMN pa-
tients with “normal background pancreatic parenchyma” 
on EUS had a significantly lower rate of malignancy. To 
the best of our knowledge, this is the first study to exam-
ine the association between EUS-CP findings and malig-
nant transformation of IPMNs.

  The Rosemont classification has been proposed as 
EUS criteria for diagnosing CP  [17] . The EUS-CP find-
ings used in this study corresponded to the parenchymal 
features of the Rosemont classification. However, the re-
lationship between EUS findings and pathological find-
ings in patients with CP has not been well characterized, 
even in the Rosemont classification. One of the reasons 
for this is that tissue specimens for evaluating the pancre-
atic parenchyma often cannot be obtained in patients 
with CP because they rarely undergo surgery. In this 
study, we were able to examine the relationship between 
EUS-CP findings and pathological changes of the back-
ground pancreatic parenchyma because we used the re-
sected specimens from IPMN patients. 

 In the Rosemont classification, each EUS finding has a 
predictive value, and the findings are categorized into 
major or minor criteria. The major criteria of CP are “hy-
perechoic foci with shadowing” and “lobularity with hon-
eycombing.” On the other hand, “stranding” and “lobu-
larity without honeycombing” are classified as minor cri-

teria because of poor specificity. In the present study, 
“stranding” and “lobularity without honeycombing” 
were frequently observed in the background parenchyma 
of IPMN patients, which was a discrepancy between our 
results and the Rosemont classification. This difference 
might have arisen because the causes of CP were different. 
The Rosemont classification was mainly based on alco-
holic CP. On the other hand, our study did not target al-
coholic CP, but instead assessed CP caused by mucin 
stagnation in IPMN patients. It has been reported that 
hypersecretion of mucin by IPMNs causes obstruction of 
the main pancreatic duct, which may induce low-grade 
pancreatitis  [2] . This difference in the pathogenesis of the 
parenchymal changes might be associated with the differ-
ence of major EUS findings.

  Alcohol consumption is strongly associated with CP 
 [18–20] . In our study, there were no significant differ-
ences in alcohol consumption between the groups with 
and without EUS-CP findings, but the presence of these 
findings was associated with pathological changes of the 
background parenchyma, such as atrophy and inflamma-
tion. This indicates that the EUS-CP findings we investi-
gated were not associated with alcohol consumption and 
that an increase in mucin production with malignant 
transformation of IPMN might be associated with chang-
es in the background parenchyma.

  The present study has some limitations. First, it was 
difficult to demonstrate the association of each EUS-CP 
finding with specific pathological features. Even in the 
Rosemont classification, only “hyperechoic foci with 
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  Fig. 3.  Association of pathological changes in the pancreatic paren-
chyma of intraductal papillary mucinous neoplasm with invasive 
intraductal papillary mucinous carcinoma (IPMC). The figure dis-
plays the relationship between pathological changes (atrophy, in-
flammation, and fibrosis) in the background pancreatic parenchy-

ma and invasive IPMC.  p  < 0.05 was considered statistically sig-
nificant. Atrophy, inflammation, and fibrosis were divided into 
two groups based on the grade of pathological findings (high, 
moderate to severe; low, none to mild). HGD, high-grade dyspla-
sia; LGD, low-grade dysplasia.                               
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shadowing” and “cysts” (excluded from this study) have 
histological correlates such as calcification and pseudo-
cyst, while other factors (including “stranding” and “lob-
ularity with honeycombing”) are not associated with spe-
cific histological features. Further studies will be required 
to clarify the pathological correlates of these findings. 
Next, this was a retrospective single-center study, and the 
number of subjects was limited. Thus, larger studies will 
be necessary to confirm our results.

  In conclusion, detection of EUS-CP findings in the 
pancreatic parenchyma of IPMN patients was associated 
with invasive IPMC. When EUS examination of IPMN is 
performed, the background parenchyma should be evalu-
ated in addition to the morphological features of the tu-
mor itself.
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tempted in patients with obstructive jaundice; it was suc-
cessful in 641 patients and impossible in 154 patients (post-
surgically altered anatomy or duodenal stenosis,  n  = 101; dif-
ficult cannulation,  n  = 53). In total, 145 patients underwent 
EUS-guided BD; HGS and HGS with AGS were attempted in 
42 patients (Group A, January 2006–August 2011) and 37 pa-
tients (Group B, September 2011–December 2014), respec-
tively.  Interventions:  Under EUS and fluoroscopy guidance, 
HGS and HGS with AGS were performed via needle puncture, 
guidewire insertion, puncture-hole dilation, and stent place-
ment.  Main Outcome Measurements:  Groups A and B were 
compared in terms of technical success, functional success, 
adverse event rates, re-intervention rates, patient survival 
time, and time to stent dysfunction or patient death. The two 
groups were also compared in a subgroup analysis of only 
28 patients who underwent chemotherapy.  Results:  The 
technical success rate was significantly higher in Group A 
than B (97.6 vs. 83.8%,  p  = 0.03). The functional success rate 
was comparable between the two groups (90.2 vs. 90.3%), 
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 Abstract 
  Background:  Endoscopic ultrasound (EUS)-guided biliary 
drainage (BD) is a well-recognized alternative BD method 
after unsuccessful endoscopic transpapillary drainage. EUS-
guided hepaticogastrostomy (HGS) with antegrade stenting 
(AGS) was recently applied to the treatment of malignant 
obstructive jaundice.  Objective:  To assess the efficacy and 
safety of HGS combined with AGS for treatment of malignant 
biliary stricture-induced obstructive jaundice.  Design:  Ret-
rospective cohort study.  Setting:  Single academic tertiary 
care center.  Patients:  From January 2006 to December 2014, 
endoscopic retrograde cholangiopancreatography was at-
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although the rate of adverse events was significantly higher 
in Group A than B (26.1 vs. 10.8%,  p  = 0.03). The re-interven-
tion rate tended to be higher in Group A than B (16.7 vs. 8.1%, 
 p  = 0.25). Groups A and B did not differ significantly in terms 
of median overall patient survival (75 vs. 61 days,  p  = 0.70) or 
median time to stent dysfunction or patient death (68 vs. 63 
days,  p  = 0.08). Among patients who underwent chemother-
apy, there was no difference in overall patient survival time 
between the two groups (121 vs. 157 days,  p  = 0.08), al-
though time to stent dysfunction or patient death was sig-
nificantly shorter in Group A than B (71 vs. 95 days,  p  = 0.02). 
 Conclusion:  Although the technical success rate of HGS with 
AGS was lower than that of HGS, HGS with AGS was superior 
to HGS in terms of adverse event rate and stent patency in 
patients receiving chemotherapy.  © 2017 S. Karger AG, Basel 

 Introduction 

 The gold standard procedure for biliary drainage 
(BD) is transpapillary drainage during endoscopic retro-
grade cholangiopancreatography (ERCP). However, 
ERCP may not be possible in patients with an inacces-
sible biliary orifice, such as patients with a surgically al-
tered anatomy or duodenal involvement of the tumor. 
Alternative drainage options in these patients include 
surgical biliary bypass or percutaneous transhepatic BD 
(PTBD); however, these procedures are associated with 
some adverse events  [1, 2] . Endoscopic ultrasound 
(EUS)-guided BD (EUS-BD) techniques such as EUS-
guided choledochoduodenostomy (CDS), hepaticogas-
trostomy (HGS), antegrade stenting (AGS), and rendez-
vous stenting (RVS) have recently been shown to be use-
ful for BD after unsuccessful ERCP  [3–16] . Among these 
procedures, CDS and RVS require the echoendoscope to 
reach the duodenum. Therefore, HGS or AGS is indi-
cated in patients with an inaccessible duodenum. How-
ever, HGS is associated with a higher risk of adverse 
events compared with the other methods  [17] . When 
stent dysfunction occurs, re-intervention is more diffi-
cult after AGS alone than after HGS or CDS  [18] . Thus, 
we began adding AGS during HGS in a single session in 
September 2011. The aim of this study was to evaluate 
the technical success, functional success, adverse events, 
re-intervention rate, and stent patency before (HGS 
alone) and after (HGS with AGS) combining both meth-
ods and to compare these outcomes between the two 
groups. The two groups were also compared only among 
patients receiving chemotherapy.

  Patients and Methods 

 Patients 
 This study involved a retrospective analysis of data that had 

been prospectively collected from clinical records and imaging 
studies. In total, 795 patients were admitted to our hospital from 
January 2006 to December 2014 for treatment of obstructive jaun-
dice caused by an unresectable malignant biliary stricture. In 88 
patients, ERCP, CDS, and RVS were impossible because of an in-
accessible duodenum caused by a surgically altered anatomy or 
duodenal involvement of the tumor. PTBD was performed in 9 
patients. In the remaining 79 patients, we performed HGS with or 
without AGS. From January 2006 to August 2011, HGS alone was 
performed ( n  = 42, Group A). Beginning in September 2011, we 
added AGS during HGS in a single session ( n  = 37, Group B). The 
characteristics of patients of Groups A and B are shown in  Table 1 . 
All patients provided written informed consent to undergo HGS 
or HGS with AGS, and the study was approved by the ethics com-
mittee of our institution.

  Techniques 
 HGS 
 An echoendoscope (GF-UCT240-AL5; Olympus, Tokyo, Ja-

pan) was introduced into the stomach and used to visualize the left 
hepatic bile duct. The scope was manipulated to identify an appro-
priate puncture route with no interposing vessels. A 19-G needle 
(SonoTip; Medi-Globe, Achenmühle, Germany) was inserted into 
the bile duct under EUS guidance. Bile was aspirated and contrast 
medium was injected into the bile duct for cholangiography. After 
confirmation of successful needle puncture by endosonographic 
and fluoroscopic imaging, a 0.035-inch guidewire (RevoWave; 
Piolax, Yokohama, Japan) was introduced into the bile duct. The 
puncture tract was dilated by biliary dilation catheters (6 → 7 → 
9 Fr). A covered self-expandable metal stent (SEMS) was deployed 
between the left hepatic bile duct and the stomach.

  Fig. 1.  Puncturing the intrahepatic bile duct. A 19-G needle was 
inserted into the bile duct under endoscopic ultrasound guidance. 
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  HGS with AGS 
 HGS with AGS is a modified HGS technique. An echoendo-

scope (GF-UCT240-AL5; Olympus, Tokyo, Japan) was introduced 
into the stomach and used to visualize the left hepatic bile duct. 
The scope was manipulated to identify an appropriate puncture 
route with no interposing vessels. A 19-G needle (SonoTip; Medi-
Globe, Achenmühle, Germany) was inserted into the bile duct un-
der EUS guidance ( Fig. 1 ). Bile was aspirated and contrast medium 
was injected into the bile duct for cholangiography. After confir-
mation of successful needle puncture by endosonographic and 

fluoroscopic imaging, a 0.035-inch guidewire (RevoWave, Piolax, 
Yokohama, Japan) was introduced into the bile duct and manipu-
lated to pass the stricture. The duodenal and/or jejunal lumen was 
opacified with contrast material to direct the stent placement 
( Fig. 2 ). An uncovered SEMS (Zeo Stent; ZEON Medical, Tokyo, 
Japan) was deployed across the stricture (AGS) ( Fig. 3 ). After AGS, 
the puncture tract was dilated using biliary dilation catheters 
(6 → 7 → 9 Fr) (Soehendra Biliary Dilation Catheter; Cook Medical, 
Bloomington, IN, USA). A covered SEMS was deployed between 
the left hepatic bile duct and the stomach ( Fig. 4 ).

 Table 1. Characteristics and outcomes of the patients of Groups A and B

Group A (n = 42) Group B (n = 37) p value

Mean age ± SD, years 67.3 ± 13.9 77.0 ± 11.5 0.09
Sex (male/female) 24/18 20/17 0.79
Primary disease, %

Pancreatic cancer
Bile duct cancer
Lymph node metastasis

31.0 (13/42)
42.9 (18/42)
26.2 (11/42)

24.3 (9/37)
29.7 (11/37)
45.9 (17/37)

0.51
0.23
0.07

Technical success rate, % 97.6 83.8 0.03
Functional success rate, % 90.2 90.3 0.99
Adverse events, % 26.1 10.8 0.03
Re-intervention rate, % 16.7 8.1 0.25
Mean procedure time ± SD, min 73.5 ± 29.4 70.1 ± 30.9 0.67
Median overall survival (range), days 75 (5 – 354) 61 (16 – 335) 0.70
Median time to stent dysfunction or patient death (range), days 68 (5 – 185) 63 (16 – 335) 0.08

Groups A and B were compared using Fisher exact test, unpaired t test, or log-rank test. From January 2006 to August 2011, HGS 
alone was performed (n = 42, Group A). In September 2011, we introduced AGS before deployment of HGS in a single session (n = 37, 
Group B). SD, standard deviation; HGS, EUS-guided hepaticogastrostomy; AGS, EUS-guided antegrade stenting.

  Fig. 2.  Insertion of a guide wire. A 0.035-
inch guidewire was introduced into the bile 
duct and manipulated to pass the stricture 
(arrowheads). The duodenal and/or jejunal 
lumen was opacified with contrast material 
to direct the stent placement. 

  Fig. 3.  Insertion of the stent at antegrade 
stenting. An uncovered self-expandable 
metal stent was deployed across the stric-
ture (arrowheads). 

  Fig. 4.  Insertion of the stent at hepaticogas-
trostomy. A covered self-expandable metal 
stent was deployed between the left hepatic 
bile duct and the stomach. 
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  Outcome Assessment 
 The assessed outcomes were the technical and functional suc-

cess rates, adverse event rate, re-intervention rate, procedure time, 
overall patient survival time, and time to stent dysfunction or pa-
tient death. In Group A, technical success of HGS was defined as 
successful stent deployment between the left hepatic bile duct and 
the stomach. In Group B, technical success of HGS with AGS was 
defined as successful stent deployment at the bile duct stricture 
(AGS) in addition to successful HGS. Functional success for ob-
structive jaundice was defined as a decrease in the bilirubin con-
centration to <40% of the pretreatment value within 2 weeks. The 
incidence rate of adverse events such as peritonitis, bile leakage, 
bleeding, stent migration, and stent occlusion was also assessed. 
Re-intervention was defined as any endoscopic, surgical, or percu-
taneous procedure that was required to improve symptoms after 
placement of the stent. The time to stent dysfunction or patient 
death was defined as the time from stent deployment to biliary re-
intervention due to stent dysfunction or the time from stent de-
ployment to patient death. Groups A and B were compared in 
terms of technical success, clinical success, adverse event out-
comes, procedure time, overall patient survival, and time to stent 
dysfunction or patient death. For the subgroup analysis of only 
patients who underwent chemotherapy, Groups A and B were 
compared in terms of overall patient survival and the time to stent 
dysfunction or patient death.

  Statistical Analysis 
 Statistical analysis was performed using SPSS version 11.0 

(SPSS Inc., Chicago, IL, USA). Continuous variables were com-
pared between the two groups using Student  t  test. The rates of 
success, adverse events, and re-intervention were compared be-
tween the two groups using Fisher exact test. The Kaplan-Meier 
method was used to measure overall patient survival and the time 
to stent dysfunction or patient death. The log-rank test was used 
to compare Groups A and B in terms of overall patient survival and 
the time to stent dysfunction or patient death. A two-tailed  p  value 
of <0.05 was considered statistically significant.

  Results 

 The technical success rate was significantly higher in 
Group A than B (97.6 vs. 83.8%,  p  = 0.03) ( Table 1 ). In 
Group A, deployment of the covered SEMS between the 
bile duct and stomach was unsuccessful in only 1 patient. 
In Group B, AGS failed because a guidewire did not pass 
the stricture in 6 patients, although the HGS technique 
was successful in all patients. Functional success was 
achieved in 37 patients (90.2%) in Group A and 28 pa-
tients (90.3%) in Group B. There was no significant dif-
ference in the functional success rate between Groups A 
and B ( p  = 0.99).

  Re-intervention was required in 7 (16.7%) and 3 (8.1%) 
patients in Groups A and B, respectively ( p  = 0.25). There 
was no significant difference between Groups A and B in 
terms of the re-intervention rate, although the rate was 
higher in Group A. The mean procedure times were 73.4 
± 29.4 and 70.1 ± 30.9 min in Groups A and B, respec-
tively ( p  = 0.67). In Group A, 11 patients (26.2%) had 
procedural-related adverse events including bile leakage 
(16.7%,  n  = 7), stent migration (4.8%,  n  = 2), and cholan-
gitis (4.8%,  n  = 2). In Group B, 4 patients (10.8%) had 
procedural-related adverse events including mild acute 
pancreatitis (5.4%,  n  = 2), bile leakage (2.7%,  n  = 1), and 
cholangitis (2.7%,  n  = 1). Two patients with stent migra-
tion in Group A required PTBD. All other patients were 
managed conservatively. There were significant differ-
ences in the adverse event rates between Groups A and B 
( p  = 0.03). At the time of the retrospective evaluation 
(June 30, 2015), all patients had died. The median sur-

 Table 2.  Characteristics and outcomes of the patients of Groups A and B in chemotherapy

Group A (n = 14) Group B (n = 14) p value

Mean age ± SD, years 70.6 ± 6.2 66.1 ± 10.0 0.17
Sex (male/female) 7/7 9/5 0.45
Primary disease, %

Pancreatic cancer
Bile duct cancer
Lymph node metastasis

35.7 (5/14)
35.7 (5/14)
28.6 (4/14)

7.1 (1/14)
35.7 (5/14)
57.1 (8/14)

0.07
1.0
0.13

Adverse events, % 35.7 14.2 0.19
Re-intervention rate, %
Mean procedure time ± SD, min

28.6
59.5 ± 5.4

7.1
74.4 ± 6.6

0.13
0.09

Median overall survival (range), days 121 (68 – 354) 157 (52 – 390) 0.08
Median time to stent dysfunction or patient death (range), days 71 (58 – 185) 95 (16 – 335) 0.02

 Groups A and B were compared using Fisher exact test, unpaired t test, or log-rank test. Between January 2006 and August 2011, 
HGS alone was performed (n = 14, Group A). In September 2011, we introduced AGS before deployment of HGS in a single session 
(n = 14, Group B). SD, standard deviation; HGS, EUS-guided hepaticogastrostomy; AGS, EUS-guided antegrade stenting.
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vival times in Groups A and B were 75 and 61 days, re-
spectively ( p  = 0.70). The median time to stent dysfunc-
tion or patient death in Groups A and B were 68 and 63 
days, respectively ( p  = 0.08). Groups A and B did not dif-
fer significantly in terms of overall patient survival or 
time to stent dysfunction or patient death.  Table 2  shows 
the detailed characteristics of the patients who underwent 
chemotherapy. There were no differences in any out-
comes between Groups A and B, although the re-inter-
vention rate tended to be higher in Group A than B (28.6 
vs. 7.1%,  p  = 0.13).  Figures 5  and  6  show the Kaplan-Mei-
er curves for the overall patient survival time and time to 
stent dysfunction or patient death in Groups A and B 
among patients who underwent chemotherapy. The me-
dian survival times in Groups A and B among patients 
receiving chemotherapy were 121 and 157 days, respec-
tively ( p  = 0.08). The median time to stent dysfunction or 
patient death in Groups A and B among patients receiv-
ing chemotherapy were 71 and 95 days, respectively ( p  = 
0.02).

  Discussion 

 In 2001, Giovannini et al.  [3]  published the first report 
of EUS-guided biliary access from the duodenal bulb fol-
lowed by plastic stent placement after failed ERCP. Sev-
eral EUS-BD methods such as CDS, HGS, AGS, and RVS 
were subsequently reported with respect to the utility of 
BD methods after unsuccessful ERCP  [4–12] . These re-
ports concluded that CDS is indicated in cases of distal 
biliary obstruction. However, CDS is sometimes difficult 
to perform because the duodenum is inaccessible due to 
tumor invasion or after surgical reconstruction. In such 
cases, HGS or AGS is regarded as the preferred method. 
Although the choice of transluminal drainage does not 
appear to affect the adverse event rate, HGS is associated 
with a higher risk of adverse events  [17] .

  HGS with AGS may have an advantage with respect to 
adverse events, re-intervention method, and stent paten-
cy. HGS with AGS may prevent or reduce adverse events 
because AGS is carried out without dilation of the HGS 

0
10
20
30
40
50
60
70
80
90

100

0 50 100 150 200 250 300 350 400 450

O
ve

ra
ll 

pa
tie

nt
 s

ur
vi

va
l, 

%
Overall patient survival, days

Group A Group B

0
10
20
30
40
50
60
70
80
90

100

0 50 100 150 200 250 300 350 400

Ti
m

e 
to

 s
te

nt
 d

ys
fu

nc
tio

n
or

 p
at

ie
nt

 d
ea

th
, %

Time to stent dysfunction or patient death, days

Group A Group B

  Fig. 5.  The Kaplan-Meier curves for the 
overall patient survival time in Groups A 
and B among patients who underwent che-
motherapy. The median survival times in 
Groups A and B among patients receiving 
chemotherapy were 121 and 157 days, re-
spectively ( p  = 0.08, log-rank test). 

  Fig. 6.  The Kaplan-Meier curves for the 
median time to stent dysfunction or patient 
death in Groups A and B among patients 
who underwent chemotherapy. The medi-
an time to stent dysfunction or patient 
death in Groups A and B among patients 
receiving chemotherapy were 71 and 95 
days, respectively ( p  = 0.02, log-rank test). 
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fistula and prevents bile leakage during the dilation of the 
fistula  [18] . Indeed, our results showed that the adverse 
event rate in Group B (10.8%) is significant lower than 
that in Group A (26.2%). In particular, the rate of bile 
leakage in Group B (2.7%) was lower than that in Group 
A (14.3%). However, mild acute pancreatitis occurred in 
2 patients with obstructive jaundice caused by lymph 
node metastasis of gastric cancer in Group B. A stent de-
ployed not only at the stricture but also at the major pa-
pilla may cause acute pancreatitis by compression of the 
pancreatic duct orifice. Another study using AGS also 
showed acute pancreatitis after treatment in 8.3% of pa-
tients  [18] . These results suggest that we must consider 
the possibility of acute pancreatitis after AGS and avoid 
stent deployment at the papilla.

  If stent occlusion occurs in patients who have under-
gone AGS alone, re-intervention is very difficult. How-
ever, re-intervention can be easily performed through the 
HGS stent in patients who have undergone HGS with 
AGS  [18] . Indeed, we placed the plastic stent through the 
HGS stent in 3 patients (Group A,  n  = 1; Group B,  n  = 2) 
in whom stent occlusion occurred.

  Another reason to perform HGS with AGS is that lon-
ger stent patency might be obtained than with HGS or 
AGS only. When one stent becomes occluded, the other 
stent offers an outlet and avoids obstructive jaundice. 
One report described stent dysfunction between CDS and 
HGS  [19] . According to that study, stent occlusion re-
sulted in a higher dysfunction rate in HGS than CDS. 
However, data regarding stent patency in EUS-BD is lack-
ing because of short follow-up periods and survival times. 
In the present study, Groups A and B did not differ sig-

nificantly in terms of the median time to stent dysfunc-
tion or patient death (68 vs. 63 days,  p  = 0.08), but the 
median time to stent dysfunction or patient death among 
patients receiving chemotherapy was longer in Group B 
than A (95 vs. 71 days,  p  = 0.02).

  The technical success rate was lower in Group B than 
A in the current study. The technique of HGS with AGS 
is similar to that of transgastric RVS. In previous reports 
about transgastric RVS, the technical success rate ranged 
from 44 to 100%  [20–24] . The most frequent reason for 
failure of RVS was difficulty in passing the guidewire 
through the stricture. In our study, 6 cases were attrib-
uted to failure to pass a guidewire through the stricture. 
In these cases, we decided during the procedure to per-
form HGS.

  Our study has two limitations: its retrospective design 
and performance at a single center. The retrospective na-
ture of the study could have allowed for potential bias in 
patient selection, limiting the validity of the conclusions. 
Because the study was conducted at an expert center, the 
results may not apply universally.

  In conclusion, this study shows that EUS-HGS both 
with and without AGS has equivalent short-term safety 
and efficacy when performed by experts. However, HGS 
plus AGS is preferred in patients undergoing chemother-
apy because it allows for longer stent patency.
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intensity mass in T1-weighted imaging and a high-signal-
intensity mass with a scattered low-signal-intensity area in 
T2-weighted imaging. Abdominal ultrasonography showed 
a hypoechoic component with a diffuse hyperechoic area in 
the tumor. Ultrasound-guided biopsy and histological ex-
amination showed tumor cells with both squamous and 
glandular differentiation. Left lobectomy was performed. 
Microscopic examination revealed 2 components, including 
moderately differentiated AC and well-differentiated SCC. 
The final diagnosis was hepatic ASC.  Conclusion:  This is the 
first reported case of hepatic ASC in a patient with PSC. Pa-
tients with PSC should be recognized as being at a risk of not 
only general cholangiocarcinoma, hepatocellular carcino-
ma, and metastatic liver tumor, but also ASC. 

 © 2017 S. Karger AG, Basel 

 Introduction 

 Primary sclerosing cholangitis (PSC) is a chronic cho-
lestatic liver disorder characterized by multiple fibrotic 
strictures of the intra- and extrahepatic biliary tree. Previ-
ous studies have shown that >40% of deaths in patients 

 Keywords 
 Adenosquamous carcinoma · Primary sclerosing 
cholangitis · Liver tumor · Cholangiocarcinoma · Liver 
abscess · Ulcerative colitis 

 Abstract 
  Introduction:  Primary sclerosing cholangitis (PSC) is a 
chronic cholestatic liver disorder characterized by multiple 
fibrotic strictures of the bile duct. More than 40% of deaths 
in PSC patients are related to malignant tumors, including 
cholangiocarcinoma. Primary hepatic adenosquamous car-
cinoma (ASC) is a rare subtype of cholangiocarcinoma con-
taining adenocarcinoma (AC) and squamous cell carcinoma 
(SCC) components, with a poorer prognosis than other chol-
angiocarcinomas. We report the first case of a hepatic ASC 
in a patient with PSC.  Case Report:  A 28-year-old man was 
referred for diagnosis and treatment of a liver abscess sus-
pected by contrast-enhanced computed tomography (CE-
CT). He had a history of ulcerative colitis and PSC. Abdomi-
nal CE-CT revealed a 60-mm-diameter ring-shaped mass 
with central necrosis in the left lobe. Magnetic resonance 
imaging demonstrated a poorly circumscribed low-signal-
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with PSC are related to cholangiocarcinoma, gallbladder 
carcinoma, or colorectal carcinoma  [1, 2] . Cholangiocar-
cinoma is the most relevant of these, with a lifetime risk 
in PSC patients of around 7–14% and a prognosis includ-
ing a 5-year survival of <10%  [2] . 

  Primary hepatic adenosquamous carcinoma (ASC) is 
defined as a rare subtype of cholangiocarcinoma, ac-
counting for 2–3% of cholangiocarcinomas  [3–5] . ASC 
contains both adenocarcinoma (AC) and squamous cell 
carcinoma (SCC) components, tends to present more 
aggressive clinicopathologic features, and has a poorer 
prognosis than other cholangiocarcinomas  [6, 7] . Barr 
and Hancock  [8]  first reported a case of primary hepatic 

ASC in 1975, since when several cases of histologically 
defined primary hepatic ASC have been reported in the 
literature  [3, 9–12] ; however, none have been reported in 
patients with PSC. We herein report the first case of he-
patic ASC in a patient with PSC.

  Case Report 

 A 28-year-old man was referred for diagnosis and treatment of 
a liver abscess suspected by abdominal contrast-enhanced com-
puted tomography (CT). The patient’s chief complaints were fever 
and epigastric pain. He was a nonsmoker and had no history of 
alcohol abuse. He had a 10-year history of ulcerative colitis and a 

a b

c d

e

  Fig. 1.   a  Contrast-enhanced abdominal 
computed tomography. A mass 62 × 45 cm 
in diameter showing a low-density tumor 
with an irregularly enhanced rim in the left 
lobe.  b  Magnetic resonance imaging. T1-
weighted image demonstrated a poorly 
circumscribed low-signal-intensity mass.  
c  T2-weighted image demonstrated a high-
signal-intensity mass with a scattered low-
signal-intensity area in the left lobe.  d  Ul-
trasonography showed a hypoechoic com-
ponent with a diffuse hyperechoic area in 
the tumor.  e  Contrast-enhanced ultraso-
nography showed an avascular area in the 
tumor.  
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3-year history of PSC. Endoscopic biliary drainage was performed 
regularly to exchange the biliary stent in the left bile duct with the 
stenosis due to PSC. 

  The results of relevant laboratory studies were total bilirubin 3.4 
mg/dL (normal 0.3–1.2 mg/dL), aspartate transaminase 72 IU/L 
(normal 13–33 IU/L), alanine transaminase 56 IU/L (normal 8–42 
IU/L), alkaline phosphatase 1,554 U/L (normal 106–322 U/L), albu-
min 2.9 g/dL (normal 4.1–5.1 g/dL), C-reactive protein 8.07 mg/dL 
(normal 0–0.14 mg/dL), white blood cells 16,800/mL (normal 
2,800–9,200/mL), prothrombin time international normalized ratio 
1.32, indocyanine green retention rate at 15 min 26.0% (normal 
0–10%), carcinoembryonic antigen 6.1 ng/mL (normal ˂ 5.0 ng/mL), 
carbohydrate antigen 19–9,290 U/mL (normal ˂ 37 U/mL), and SCC 
antigen 5.1 ng/mL (0–1.5 ng/mL). The patient tested negative for 
hepatitis B viral surface antigen and hepatitis C viral antibody. 

  Abdominal contrast-enhanced CT showed an enhanced ring-
shaped mass measuring 62 × 45 mm in diameter with central ne-
crosis in the left lobe ( Fig. 1 a). Magnetic resonance imaging dem-
onstrated a poorly circumscribed low-signal-intensity mass in T1-
weighted images ( Fig. 1 b) and a high-signal-intensity mass with a 
scattered low-signal intensity area in T2-weighted images ( Fig. 1 c). 
Positron emission tomography showed increased  18 F-fluorodeox-
yglucose uptake (maximum standardized uptake value: 9.59) in 
the tumor. These findings, especially the inflammatory reaction, 
led to suspicion of a liver abscess, but increasing tumor markers 
indicated a malignant liver tumor.

  Abdominal ultrasonography showed a hypoechoic mass with a 
partial hyperechoic area ( Fig. 1 d), and contrast-enhanced ultraso-
nography showed a heterogeneous hypoechoic tumor with a par-
tially avascular area ( Fig. 1 e). Ultrasonography-guided biopsy was 
performed, and histological examination revealed tumor cells with 
both squamous and glandular differentiation. The diagnosis was 
ASC.

  Left lobectomy was performed. The cut surface of the resection 
specimen showed a yellowish-white solid tumor, measuring 65 × 
55 × 45 mm, with partial necrosis. Microscopic examination re-
vealed 2 components, including moderately differentiated AC 
( Fig. 2 a) and well-differentiated SCC ( Fig. 2 b). The SCC compo-
nent was predominant over the AC component and occupied 
>80% of the tumor. There was also a transitional area between the 
2 components. Immunohistochemistry revealed carcinoembryon-
ic antigen and cytokeratin 7 expression in most glandular and tran-
sitional epithelia ( Fig. 2 c), but no expression in the stratified squa-
mous epithelia, whereas cytokeratin 5/6 was expressed in most of 
the SCC ( Fig. 2 d). A final diagnosis of hepatic ASC was made on 
the basis of the histological and immunohistochemical findings. 
Periductal concentric fibrosis of the bile ducts (onion skin-like ap-
pearance) suggested the presence of PSC ( Fig. 3 ).

  Recurrence was detected in the liver by follow-up examination 
1 month postoperatively, and the patient died of ASC recurrence 
2 months after surgery.

  Discussion 

 PSC is a chronic inflammatory liver disease of un-
known etiology, primarily targeting cholangiocytes at any 
portion of the biliary tree. Liver transplantation is cur-
rently the only effective treatment. PSC shows a close as-
sociation with inflammatory bowel disease, mainly ulcer-
ative colitis. As in many chronic inflammatory condi-
tions, PSC may be complicated by cancer development, 
which accounts for >40% of deaths in patients with PSC 

a b

c d100.00 μm 100.00 μm

100.00 μm100.00 μm

  Fig. 2.   a  AC; HE stain.  b  Immunostaining 
for carcinoembryonic antigen revealed cy-
toplasm-positive staining for AC.  c  SCC; 
HE stain.  d  Immunostaining for cytokera-
tin 5/6 revealed cytoplasm-positive stain-
ing for SCC. AC, adenocarcinoma; HE, he-
matoxylin and eosin; SCC, squamous cell 
carcinoma. 
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 [1, 2, 13] . Cholangiocarcinoma, gallbladder carcinoma, 
and colorectal carcinoma have been variably associated 
with PSC, with prevalences of up to 13–14%  [14] .

  ASC is a rare subtype of cholangiocarcinoma with 
more aggressive clinical and pathological features than 
other cholangiocarcinomas, and the prognosis of patients 
with hepatic ASC is extremely poor. Kobayashi et al.  [6]  
reported a mean survival time for patients with hepatic 
ASC of 8.7 months, and the overall 1-, 2-, and 3-year sur-
vival rates after surgery were 38.5, 16.2, and 10.8%, re-
spectively. Uenishi et al.  [15]  reported a 1-year survival 
rate for intrahepatic cholangiocarcinoma of 68%, indicat-
ing that the prognosis of patients with primary hepatic 
ASC was poorer than that of patients with the common 
type of hepatic cholangiocarcinoma.

  Chronic inflammation of the biliary tree is thought to 
be caused by PSC, congenital biliary abnormalities, and 
hepatolithiasis. The pathogenesis of ASC is still unclear, 
but it may be caused by continuous irritation of the bile 
ducts by chronic inflammation or associated with con-
genital cysts of the biliary tract  [16] . Barr and Hancock  [8]  
and Hamaya et al.  [17]  found no normal epithelium in the 
tumors they observed, which contained only AC, AC 
metaplasia, and SCC components, leading them to sug-
gest that ASC may arise from squamous metaplasia of AC 
cells. In the present case, recurrent acute inflammation 
due to PSC and/or retrograde cholangitis due to place-
ment of the biliary stent initially led to chronic inflamma-
tion, which may then have been responsible for metaplas-
tic changes in the biliary epithelium. The AC component 
was, therefore, located near the intrahepatic bile duct and 
was surrounded by the SCC component, with a transi-
tional area between the 2 components.  

 Liver tumors in patients with PSC include cholangio-
carcinoma, hepatocellular carcinoma, metastatic liver tu-

mor, and liver abscess  [18, 19] . Imaging of the tumor as a 
low-density lesion surrounded by a highly enhanced rim 
on CT may resemble the findings for cholangiocarcino-
ma, metastatic liver disease, and liver abscess. ASC is a 
rare subtype of cholangiocarcinoma, and an accurate pre-
biopsy diagnosis by radiological imaging was difficult in 
this case. However, echo-guided ultrasound biopsy was 
useful for diagnosis, and echo-enhanced tissue sampling 
enabled biopsy of the optimal part of the tumor, avoiding 
the necrotic area.

  In conclusion, this is the first report describing resec-
tion of a hepatic ASC in a patient with PSC. Patients with 
PSC should be recognized as being at risk of hepatic ASC, 
in addition to general cholangiocarcinoma, hepatocellu-
lar carcinoma, and metastatic liver tumor.
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ages. However, ERP was re-performed because of possible 
high-grade PanIN, and cytology showed adenocarcinoma. 
Postoperative pathology indicated diffuse lesions corre-
sponding to high-grade PanINs in the MPD stenosis and sur-
rounding branches. Final diagnosis was high-grade PanIN. In 
the second case, a 77-year-old man was identified with MPD 
dilation. Magnetic resonance cholangiography showed lo-
calized stenosis in the MPD of the pancreatic head with distal 
MPD dilation. He was diagnosed with MPD stenosis caused 
by chronic pancreatitis, and further examination was not rec-
ommended. At 25 months, the patient was referred to our 
hospital because of a mild change in MPD dilation. ERP 
showed localized irregular stenosis in the MPD, and cytology 
showed suspected adenocarcinoma. Postoperative pathol-
ogy indicated a localized lesion with high-grade PanIN in the 
branch duct around the MPD stenosis. Final diagnosis was 
high-grade PanIN. In conclusion, we report 2 cases of high-
grade PanIN without morphological changes of the MPD 
over relatively long periods. Even if a definite diagnosis is not 
obtained at initial examination, a strict follow-up observa-

 Keywords 
 Pancreatic cancer · High-grade pancreatic intraepithelial 
neoplasia · Carcinoma in situ · Localized main pancreatic 
duct stenosis · Distal main pancreatic duct dilation 

 Abstract 
 Pancreatic intraepithelial neoplasia (PanIN) is a microscopic 
papillary noninvasive lesion arising from the pancreatic duc-
tal epithelium. However, the natural history and time to pro-
gression of high-grade PanIN remain unclear. Herein, we re-
port 2 cases of high-grade PanIN without morphological 
changes of the main pancreatic duct (MPD) over relatively 
long periods. In the first case, a 63-year-old man was identi-
fied with MPD dilation. Magnetic resonance cholangiopan-
creatography showed localized stenosis in the pancreatic 
body with distal MPD dilation. Endoscopic retrograde pan-
creatography (ERP) was attempted because of possible high-
grade PanIN but was unsuccessful. At 15-month follow-up, 
there was no change in the form of the MPD in various im-
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tional study should be performed. Re-examination, includ-
ing ERP, should also be considered in cases with risk factors 
of pancreatic cancer, even if there is no change in MPD form. 

 © 2017 S. Karger AG, Basel 

 Introduction 

 Pancreatic cancer has a poor prognosis, and early di-
agnosis is important for improved outcomes. Small pan-
creatic cancers have a better prognosis  [1] , although de-
tection and diagnosis of noninvasive or small invasive 
lesions are often challenging. Pancreatic intraepithelial 
neoplasia (PanIN) is considered a precursor for invasive 
pancreatic cancer  [2] . PanIN is defined as a microscopic 
papillary or flat and noninvasive epithelial neoplasm aris-
ing from the pancreatic ductal epithelium. PanIN is di-
vided into 2 subtypes: low-grade PanIN (previously re-
ported as PanIN-1 and -2) and high-grade PanIN (previ-
ously reported as PanIN-3) involving a carcinoma in situ 
 [2, 3] . As high-grade PanIN does not involve a mass-
forming lesion, its diagnosis is challenging by imaging. 
Detection of high-grade PanIN involves the presence of 
an abnormal main pancreatic duct (MPD) form, includ-
ing localized MPD stenosis with distal MPD dilation, fo-
cal ductal branch dilation, and cyst formation. Exacerba-
tion of these findings with tumor progression is also a 
sign of high-grade PanIN. However, the natural history 
and time to progression of high-grade PanIN remain un-
clear. Herein, we report 2 cases of high-grade PanIN with-
out morphological changes in the MPD over relatively 
long periods.

  Case Presentation 

 Case 1 
 A 63-year-old man was admitted to our hospital with first ever 

complaint of back pain in February 2015. He had a medical his-
tory of surgery for esophageal cancer without recurrence. He had 
a smoking history of 40 cigarettes per day for 40 years and an al-

cohol history of 8 cups of whisky per day for 35 years. Abdominal 
ultrasonography (US) showed dilation of the MPD. Contrast-en-
hanced computed tomography (CE-CT) and magnetic resonance 
cholangiopancreatography (MRCP) showed localized stenosis of 
the MPD in the pancreatic body with distal dilation but no obvious 
tumor at the site of stenosis ( Fig. 1 a). Endoscopic US (EUS) showed 
no mass lesion around the stenosis ( Fig. 1 b). Endoscopic retro-
grade pancreatography (ERP) was attempted. However, deep can-
nulation was unsuccessful, and pathological diagnosis was not per-
formed. Although these findings suggested high-grade PanIN or 
small pancreatic cancer, the patient was followed up, as there was 
no definitive diagnosis.

  Follow-up examinations were performed for 15 months (3-
month intervals) using CT and MRCP. There were no obvious 
changes in the form of the MPD at follow-up ( Fig.  1 c). Similar 
findings were observed by EUS ( Fig. 1 d). However, ERP was re-
performed because of the potential for high-grade PanIN. ERP 
showed no evidence of abnormalities in the pancreatic head but 
localized irregular stenosis in the pancreatic body with distal MPD 
dilation ( Fig. 1 e). Cytology of pancreatic juice was obtained by as-
piration, brushing, and through endoscopic nasopancreatic drain-
age (ENPD), although only the brush cytology sample showed ad-
enocarcinoma.

  The patient underwent a distal pancreatectomy with splenec-
tomy along the line of the right side of the portal vein. Pancreatog-
raphy of the resected specimen showed irregular stenosis around 
the margin and dilation of the distal MPD and branches ( Fig. 1 f). 
The branches around the MPD stenosis had poor contrast. Micro-
scopically, postoperative pathology indicated diffuse lesions cor-
responding to high-grade PanINs in the irregular MPD stenosis 
and surrounding branches ( Fig.  1 g, h). Immunohistochemical 
study indicated positive MUC-5AC and -6 staining and negative 
MUC-1 and -2 staining. Severe fibrosis with numerous inflamma-
tory cells and disappearance of acinar cells were observed around 
the MPD stenosis. An 8-mm diameter branch-type intraductal 
papillary mucinous adenoma (IPMA) was observed at the tail of 
the pancreas but separate from the high-grade PanIN of the MPD. 
Final diagnosis was high-grade PanIN of the main and branch 
MPD (Tis N0 M0, stage 0 [UICC-7]) and IPMA. The postoperative 
course was uneventful, and the patient was discharged and is doing 
well without recurrence at 10 months following surgery.

  Case 2 
 In a 77-year-old man, first ever symptoms of MPD dilation 

were detected in October 2012, 25 months before referral to our 
hospital. He had a medical history of cerebral infarction and atrial 
fibrillation. He had a smoking history of 40 cigarettes per day for 
55 years and an alcohol history of 2 bottles of beer per day for 50 

  Fig. 1.  Case 1.  a  Magnetic resonance cholangiopancreatography 
(MRCP) demonstrated stenosis of the main pancreatic duct 
(MPD) in the pancreatic head and body and distal MPD dilation. 
 b  Endoscopic ultrasonography (EUS) revealed no evidence of a 
mass lesion around the MPD stenosis.  c  MRCP at 15-month fol-
low-up showed no change in MPD stenosis and distal dilation (see 
 a ).  d  EUS at 15-month follow-up showed no change in MPD form. 
 e  Endoscopic retrograde pancreatography demonstrated no ap-
parent abnormalities in the pancreatic head of the MPD but local-

ized irregular stenosis in the pancreatic body.  f  Postoperative pan-
creatography revealed irregular stenosis around the margin and 
dilation of the distal MPD and branches. The branches around the 
MPD stenosis had poor contrast.  g ,  h  Macroscopic pathological 
findings in the MPD, with evidence of high-grade pancreatic in-
traepithelial neoplasia. The irregular stenosis of the MPD in the 
pancreatic body was associated with severe fibrosis and numerous 
inflammatory cells. 

(For figure see next page.)
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years. He had received several examinations in October 2012 by a 
local doctor, with abdominal US showing a 5-mm MPD dilation. 
CE-CT and MRCP showed localized stenosis of the MPD in the 
pancreatic head and dilation with distal MPD, although no obvi-
ous tumor was observed ( Fig. 2 a). The diagnosis at that time was 
MPD stenosis caused by chronic pancreatitis, and the patient was 

recommended for observation. Ultrasonography was performed 1 
year after, with no change in the form of the MPD. However, the 
patient was referred to our hospital because of a mild change in the 
size of the MPD in November 2014 (25 months after his initial 
visit). CE-CT and MRCP showed stenosis of the MPD in the pan-
creatic head and distal MPD dilation, although no obvious tumor 

a b

c d

e f

  Fig. 2.  Case 2.  a  Magnetic resonance cholangiopancreatography (MRCP) revealed MPD stenosis in the pancre-
atic head and distal MPD dilation.  b  MRCP at 25-month follow-up showed no change of the MPD stenosis and 
slight worsening of the distal dilation.  c  EUS demonstrating the MPD stenosis without a mass lesion.  d  ERP dem-
onstrating the localized irregular stenosis of the MPD in the pancreatic body.  e ,  f  Macroscopic pathological find-
ings of the branch pancreatic duct, with evidence of high-grade pancreatic intraepithelial neoplasia. 
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at the site of stenosis was observed and the form of the MPD was 
similar to that 25 months before ( Fig. 2 b). EUS showed no mass 
lesion around the MPD stenosis ( Fig. 2 c). Nevertheless, we per-
formed ERP given the potential for a high-grade PanIN. ERP 
showed localized irregular stenosis of the MPD in the pancreatic 
body ( Fig. 2 d). Aspiration cytology and ENPD repeated cytology 
were performed, with 1 aspiration cytology sample showing sus-
pected adenocarcinoma. The patient underwent a subtotal stom-
ach-preserving pancreatoduodenectomy.

  Microscopically, postoperative pathology indicated a localized 
lesion with high-grade PanIN in the branch duct around the MPD 
stenosis ( Fig. 2 e, f). Immunohistochemical study indicated posi-
tive MUC-6 staining and negative MUC-1, -2, and -5AC staining. 
Severe fibrosis with numerous inflammatory cells and disappear-
ance of acinar cells were observed around the MPD stenosis. A 10-
mm diameter branch-type IPMA was observed at the head of the 
pancreas, separate from the high-grade PanIN of the MPD. The 
final diagnosis was high-grade PanIN of the branch duct (Tis N0 
M0, stage 0 [UICC-7]) and IPMA. The postoperative course was 
uneventful, and the patient was discharged and is doing well with-
out recurrence at 32 months following surgery.

  Discussion 

 Patients with pancreatic cancer have an extremely 
poor prognosis because of the difficulty of early detection 
and the highly progressive tumor speed. Nevertheless, the 
5-year survival rate of patients with high-grade PanIN is 
85.8%  [1] . Thus, early detection of pancreatic cancer is 
critical for improved prognosis. PanINs are defined as 
non-mass-forming lesions found only in the pancreatic 
ductal epithelium  [2] . Detection of high-grade PanIN in-
volves the presence of an abnormal MPD form, including 
localized MPD stenosis with distal MPD dilation, focal 
ductal branch dilation, and cyst formation. Exacerbation 
of these findings with tumor progression is also a sign of 
high-grade PanIN.

  However, there was no evidence of new tumor appear-
ance or exacerbation of the MPD form at long-term follow-
up in our 2 cases of high-grade PanIN (case 1, 15 months; 
case 2, 25 months), indicating no or slight progression dur-
ing this period. The long follow-up period in case 1 was 
because there was no definitive diagnosis of pancreatic 
cancer (ERP was unsuccessful), while case 2 was followed 
up in a nonspecialized hospital where the initial MPD ab-
normality was detected. Although there was no definitive 
diagnosis of PanINs at the initial hospital visits, if present, 
these findings without morphological changes of the MPD 
suggest that the progression time of PanINs was very slow.

  In a genomic analysis of autopsy patients with pancre-
atic cancer to evaluate the clonal relationships between 
primary and metastatic cancers, Yachida et al.  [4]  report-

ed a progression time between tumor genesis and PanIN 
(until the progression of the invasive carcinoma) of 11.7 
years. These data support our findings of the presence of 
high-grade PanINs during the 1- to 2-year period from 
initial findings to surgery in our 2 cases. To our knowl-
edge, there is only 1 reported case of high-grade PanIN in 
which diagnosis of malignancy was difficult and with a 
follow-up of more than 1 year. However, in that case, the 
form of the MPD changed markedly at 2.5 years after ini-
tial examination  [5] . Therefore, our 2 cases without mor-
phological changes of the MPD are important for clinical 
practice.

  As high-grade PanINs are non-mass-forming lesions 
and are difficult to visualize, EUS-guided fine-needle as-
piration biopsy, which is generally performed to diagnose 
pancreatic cancer, is not effective. There are previous re-
ports using cytology with pancreatic juice, including re-
peated cytology of pancreatic juice obtained using an 
ENPD tube and brush cytology, for diagnosis of high-
grade PanINs and small pancreatic cancer. Using repeat-
ed cytology with an ENPD tube, Iiboshi et al.  [6]  reported 
a sensitivity, specificity, and accuracy of detecting high-
grade PanIN and small pancreatic cancer of 100, 83.3, and 
95%, respectively, while Mikata et al.  [7]  reported a sen-
sitivity, specificity, and accuracy of detecting pancreatic 
cancer, including advanced pancreatic cancer, of 80, 100, 
and 87%, respectively, which was significantly higher 
than the sensitivity, specificity, and accuracy obtained 
when using single cytology. Further, 1 study reported di-
agnosis using brush cytology in a high-grade PanIN pa-
tient  [5] . Thus, these methods can be used to directly and 
efficiently collect the specimens of pancreatic duct epi-
thelium lesions, which are otherwise difficult to perform 
using EUS-guided fine-needle aspiration.

  The 2016 revised clinical guidelines for pancreatic can-
cer using evidence-based medicine published by the Ja-
pan Pancreas Society suggest a number of risk factors for 
pancreatic cancer, including family history of pancreatic 
cancer, diabetes, obesity, chronic pancreatitis, intraductal 
papillary mucinous neoplasm, pancreatic cysts, smoking, 
and heavy drinking  [8] . Our 2 cases had intraductal pap-
illary mucinous neoplasm, smoking, and heavy drinking 
as risk factors. Thus, cases with localized MPD stenosis 
and distal MPD dilation should be closely monitored for 
potential high-grade PanIN, even if the form of the MPD 
does not change at follow-up observation. Further, pa-
tients with some risk factors for pancreatic cancer should 
be more carefully monitored. In such cases, ERP with 
pancreatic juice cytology should be considered for defin-
itive diagnosis.
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  In conclusion, we reported 2 cases of high-grade PanIN 
without morphological changes of the MPD over relative-
ly long periods. When findings of localized MPD stenosis 
and distal MPD dilation are detected, a definite diagnosis 
of high-grade PanINs should be considered by pancreatic 
juice cytology. Even if a definite diagnosis cannot be ob-
tained, strict follow-up observational study should be per-
formed. Re-examination should also be considered, par-
ticularly in cases with some risk factors for pancreatic can-
cer, even if there is no change in the MPD form.
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from the tail side of the stone, with localized pancreatitis 
observed around the pancreatic tail ( Fig. 1 ). The pancre-
atic cancer was located in the pancreatic head, whereas 
the pancreatic stone was located in the pancreatic body 
( Fig.  1 ). After pancreatitis was resolved, transpapillary 
pancreatic duct drainage was attempted, but the guide 
wire could not be deployed over the pancreatic duct stric-
ture caused by the tumor. Then, EUS-PD was performed 
to prevent pancreatitis induced by a pancreatic duct stric-
ture. The patient was placed under sedation with a bolus 
infusion of 0.05 ml/kg propofol. The dilated pancreatic 
duct from the tail side of the stone, as viewed echoendo-
scopically (GF-UCT260; Olympus) from the stomach po-
sition, was punctured with a 19-gauge needle (Sonotip; 
Medi-Globe), with correct puncturing confirmed with 
contrast medium ( Fig. 2 ). A 0.025-inch guidewire (Visi-
Glide2; Olympus) was inserted toward the pancreatic tail. 
After dilating the fistulous tract using a diathermic dila-
tor, a 7-Fr plastic stent (7 cm in length; Boston Scientific) 
was successfully deployed ( Fig. 3 ). There were no compli-
cations during the procedure. Seven days later, the pa-
tient’s serum amylase concentration had decreased to 88 
U/L and he started dietary intake. One month after the 
procedure, he resumed chemotherapy, with no recur-
rence of pancreatitis to date. Findings in this patient in-

 Keywords 
 Pancreatic cancer · Endoscopic ultrasonography · 
Pancreatitis 

 Abstract 
 Endoscopic ultrasound-guided pancreatic drainage (EUS-
PD) was performed in a patient with unresectable pancre-
atic cancer who developed pancreatitis. In this case, EUS-PD 
was useful as salvage therapy for pancreatitis as the trans-
papillary approach was difficult.  © 2017 S. Karger AG, Basel 

 Endoscopic ultrasound-guided pancreatic drainage 
(EUS-PD) has been described as a new drainage 
technique after unsuccessful transpapillary approach for 
pancreatic duct strictures  [1–3] . Our patient was a 
74-year-old man with unresectable pancreatic cancer re-
ceiving chemotherapy. Due to repeated pancreatitis, 
however, he could not continue treatment and was forced 
to stop chemotherapy. The patient had no history of 
chronic pancreatitis but abdominal CT showed a pancre-
atic duct stone in the main pancreatic duct at the pancre-
atic body. The main pancreatic duct was slightly dilated 
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dicated that the pancreatic duct stone caused repeat pan-
creatitis, resulting in discontinuation of chemotherapy. 
Although transpapillary pancreatic duct drainage was 
considerable, pancreatic duct drainage over the tumor 
and the pancreatic duct stricture was limited. The presence 
of the tumor in the head of the pancreas may have made 
stone removal more difficult. EUS-PD may constitute sal-
vage therapy when the transpapillary approach is difficult.

  Disclosure Statement 

 All authors disclosed no financial relationships relevant to this 
publication.
 

  Fig. 1.  Abdominal CT image of the patient, showing dilation of the 
main pancreatic duct (arrowhead) from the stone (arrow) to the 
tail side with localized pancreatitis (※) observed around the pan-
creatic tail. 

  Fig. 2.  Fluoroscopic image showing that the defect was a pancre-
atic stone (arrow) in the pancreatic body.  
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  Fig. 3.  Fluoroscopic image showing the deployment of a 7-Fr plas-
tic stent (arrows) at the tail side from the stone between the pan-
creatic duct in the body of the pancreas and the gastric body. 
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and/or cystic lesions) (2 points) were evaluated using the 
protocol for social programs.  Results:  Between November 
2014 and December 2016, 244 patients were enrolled by 41 
PMOs as cooperative facilities, and 15 e-PC cases (53.6%) of 
the 28 PC patients were detected. The mean clinical finding 
score of the e-PC group (3.13 ± 1.9) was significantly higher 
than that of the overall non-PC group (2.1 ± 0.4) ( p  < 0.05). 
“High AMY/P-AMY” and “symptoms” were significantly more 
frequent in the e-PC group than in the non-PC group ( p  < 
0.05). Although the sensitivity of direct findings by US was 
40.0%, that of indirect-findings was 93.3% in the e-PC group. 
Nine and 6 of the 15 patients with e-PC were enrolled via 
general internal medicine offices (GIMs) and other PMOs 
without GIMs (general surgery,  n  = 3; urology,  n  = 2; otolar-
yngology,  n  = 1).  Conclusion:  This social program with col-
laborations between medical centers that specialize in PC 
and PMOs used clinical findings, suggesting that not only 
GIMs but also other PMOs and indirect findings by US may 
play an important role in improving the e-PC detection rate. 

 © 2017 S. Karger AG, Basel 
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 Abstract 
  Objectives:  The early-stage pancreatic cancer (e-PC; stage I/
II) detection rate is quite low at approximately 25%. The aim 
of this study was to evaluate the feasibility of a social pro-
gram (the Kishiwada Katsuragi project) wherein our hospital, 
which specializes in PC, and primary care medical offices 
(PMOs) used clinical findings to detect e-PC.  Methods:  Pa-
tients with a score of  ≥ 2 points on clinical findings were en-
rolled: symptoms of abdominal pain/back pain (1 point), 
new-onset diabetes (1 point), high amylase (AMY) and/or 
pancreaitc AMY (P-AMY) (1 point), high carbohydrate anti-
gen 19-9 (1 point), and ultrasonography (US) findings includ-
ing direct (e.g., a solid pancreatic tumor) and/or indirect find-
ings (e.g., dilatation of a pancreatic diameter of  ≥ 2.5 mm 
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 Introduction 

 Pancreatic cancer (PC) is generally associated with a 
poor prognosis and is difficult to diagnose early enough 
for surgical resection, the only potentially curative treat-
ment for PC, to be performed. Indeed, only 25% of PC 
patients have early-stage PC (e-PC) at the time of detec-
tion  [1, 2] .

  A screening program is needed to improve the detec-
tion rate of e-PC. Previous studies have identified various 
risk groups and factors (a family history of PC and pan-
creatitis, smoking, alcohol consumption, diabetes (DM), 
obesity, and cystic lesions, including intraductal papillary 
mucinous neoplasm and main pancreatic duct [MPD] 
dilatation), but few standard programs are available for 
screening high-risk patients. Evidence-based clinical 
guidelines for PC were published by the Japan Pancreas 
Society (JPS) in 2006, with the third edition released in 
2013  [3] . The guidelines include a protocol for diagnosing 
and treating PC. The sections of Clinical questions 1 and 
2 suggest several risk factors that may be involved in the 
development of PC  [4–11] .

  The guidelines include a protocol for a social program 
to diagnose e-PC by consulting clinical findings (the 

Kishiwada Katsuragi project). The aim of the present 
study was to evaluate the feasibility of such a social pro-
gram via collaboration between our medical center, which 
specializes in PC, and primary-care medical offices 
(PMOs).

  Patients and Methods 

 Forty-one PMOs, including 27 general internal medicine of-
fices (GIMs) and 14 other PMOs (otolaryngology,  n  = 4; general 
surgery,  n  = 3; orthopedic surgery,  n  = 2; gynecology,  n  = 2; urol-
ogy,  n  = 2, and psychiatry,  n  = 1), were enrolled. If a patient pre-
sented with  ≥ 2 points for 5 clinical findings, they were examined 
in accordance with the protocol for social programs for diagnos-
ing e-PC ( Fig.  1 ). If a patient did not receive ultrasonography 
(US) and/or did not undergo a carbohydrate antigen 19-9 (CA19-
9) examination by the PMO at entry into this study, then they 
received these evaluations before undergoing magnetic reso-
nance cholangiopancreatography (MRCP) including magnetic 
resonance imaging (MRI), and endoscopic ultrasound (EUS) at 
our institution.

  Between November 2014 and October 2016, 244 patients in 
whom PC was suspected based on the clinical findings (at the co-
operating facilities) were evaluated. Twenty-eight (11.5%) of these 
244 patients were ultimately diagnosed with PC. This study re-
ceived approval from the ethics committee of Katsuragi Hospital.

  Fig. 1.  The protocol for the social program 
for diagnosing early-stage pancreatic can-
cer. ENPD, endoscopic nasopancreatic 
drainage; ERCP, endoscopic retrograde 
cholangiopancreatography; EUS, endo-
scopic ultrasonography; FNA, fine-needle 
aspiration; MPD, main pancreatic duct; 
MRCP, magnetic resonance cholangiopan-
creatography; MRI, magnetic resonance 
imaging; US, ultrasonography; CA19-9, 
carbohydrate antigen 19-9; P-AMY, pan-
creatic amylase. 
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  Clinical Findings 
 Patients with 2 points for the following clinical findings were 

diagnosed with suspected PC: (1) symptoms (abdominal pain or 
fatigue, or back pain) (1 point)  [3] , (2) new-onset DM (1 point) 
 [12–14] , (3) a high amylase (AMY) level ( ≥ 116 U/L) and/or pan-
creatic amylase (P-AMY) level ( ≥ 51 U/L) (1 point)  [3] , (4) a high 
CA19-9 level ( ≥ 37 U/mL) (1 point)  [15–17] , and (5) US findings 
(2 points)  [18, 19] . The US findings included direct (e.g., a solid 
pancreatic tumor) and indirect findings (e.g., dilatation of the 
MPD to a diameter of  ≥ 2.5 mm or a pancreatic cyst). DM was de-
fined as a fasting blood sugar level of  ≥ 126 mg/dL, a casual blood 
glucose level of  ≥ 200 mg/dL, or HbA1c (NGSP)  ≥ 6.5%.

  Protocol for Social Programs for Diagnosing e-PC ( Fig. 1 ) 
 The JPS guidelines include a protocol for diagnosing and treat-

ing PC  [3] . The protocol in the present study (the Kishiwada proj-
ect) referenced the protocol for the diagnosis of PC.

  Patients who were enrolled based on their clinical findings un-
derwent diffusion-weighted imaging (DWI) MRI and MRCP, and 
EUS (GF-UC240P-AL5; Olympus, Tokyo, Japan) was performed. 
If EUS revealed a solid mass in the pancreas, then EUS-fine needle 
aspiration (EUS-FNA) was performed  [20, 21] . If the findings re-
vealed irregular stenosis in the MPD or dilatation of the MPD, then 
endoscopic retrograde cholangiopancreatography was performed, 
and a cytological examination of pancreatic juice samples obtained 
by multiple endoscopic nasopancreatic drainage (ENPD) sam-
plings was performed ( Fig. 1 ).

Clinical findings: 2 points

MRCP/diffusion MRI and EUS       [Abnormal findings]

n = 244

(+) n = 155

Solid tumor
in pancreas (–)

Solid tumor
in pancreas

Solid tumor
in MPD

Solid tumor
in pancreatic cyst

n = 89 (–)

n = 3 n = 41 n = 6

n = 1 n = 25 n = 5 n = 2 n = 16 n = 1

n = 105

ERCP (ENPD) EUS-FNA

Treatment

Follow-up

Bile duct stone (n = 34)
Bile duct cancer (n = 6)
Lemmel syndrome (n = 2)
Inflammatory LN (n = 9)
Metastasis LN (n = 2)

Accessary (n = 8)
GIMT (n = 3)
ND (n = 25)

a-PC (n = 4)
Branch-type IPMN (n = 82)
TFP (n = 5)
EK (n = 2)
SCN (n = 3)

e-PC (n = 4)
Main-type IPMN (n = 2)
Chronic pancreatitis (n = 6)
Acute pancreatitis (n = 10)
Pancreatic pseudocyst (n = 4)
Pancreaticobiliary maljunction (n = 2)

Final diagnosis
e-PC (n = 11)
a-PC (n = 9)
Main-type IPMN (n = 1)
Branch-type IPMN (n = 5)

EK (n = 2)
AIP (n = 3)

Final diagnosis

  Fig. 2.  Clinical characteristics of patients. a-PC, advanced pancreatic cancer; e-PC, early-stage pancreatic cancer; 
EK, neuroendocrine; LN, lymph node; AIP, autoimmune pancreatitis; TFP, tumor-forming pancreatitis; GIMT, 
gastrointestinal mesenchymal tumor; SCN, serous cyst adenoma; IPMN, intraductal papillary mucinous neo-
plasm; ND, no disease. For all other abbreviations, see Figure 1. 
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  DWI-MRI and MRCP Techniques 
 MRI examinations were carried out with a 2.0-Tesla unit 

(Vantage Titan, Toshiba, Japan) with a 12-channel body and spine 
matrix coil combination. DWI was performed as a part of the rou-
tine abdomen MRI protocol for the evaluation of hepato-pancre-
ato-biliary ducts in our institution. The protocol included axial 
fat-sat T1-weighted images, axial T2-weighted images, axial T2-
weighted half-Fourier acquisition single-shot turbo spin echo im-
ages, coronal 2D MRCP, coronal 3D MRCP, and DWI images. 

Apparent diffusion coefficient maps were automatically recon-
structed for all DWI.

  Diagnosis and Classification of PC 
 The final diagnoses were made according to the histology of the 

resected tumor. For patients who did not undergo surgical resec-
tion, the final diagnoses were made according to the histology or 
cytology of samples obtained by EUS-FNA or ENPD. In cases 
where pancreatic malignancy was excluded by EUS-FNA or 

a b

c d

  Fig. 3.  A 66-year-old woman positive at entry for 3 points (“symp-
toms [abdominal pain]” and “US findings”) of 5 clinical findings 
from a primary-care medical office.  a  Ultrasonography did not 
detect a tumor without dilatation of the main pancreatic duct. 
 b  Magnetic resonance cholangiopancreatography shows stenosis 
and dilatation of the main pancreatic duct (arrow).  c  Endoscopic 
ultrasonography shows a low-echoic lesion measuring 18 mm in 
diameter (arrow) adjacent to the bile duct. The histological diag-

nosis was adenocarcinoma by endoscopic ultrasonography-fine 
needle aspiration.  d  She received subtotal stomach-preserving 
pancreatoduodenectomy. The resected specimen showed a white 
solid tumor, measuring 20 × 18 mm (arrowheads). A pathologic 
examination of the resected specimen showed invasive ductal car-
cinoma, moderately differentiated. The final pathological diagno-
sis was stage IIA pancreatic cancer. PV, portal vein; CBD, common 
bile duct. 
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ENPD, the final diagnosis was confirmed by following the patient 
for at least 6 months.

  Tumor classification was performed accordance with the 
Union for International Cancer Control (UICC) guidelines for PC. 
In this study, e-PC was defined as stage 0-IIB and advanced PC (a-
PC) was defined as stage III-IV accordance with the UICC guide-
lines.

  Statistical Analyses 
 The mean total scores of the e-PC, a-PC, and non-PC groups 

were compared using Wilcoxon’s signed-rank test. The χ 2  test 
was used to compare the frequencies of each clinical findings 
category between the e-PC, a-PC, and non-PC groups. Sensi-
tivities for detecting pancreatic findings (direct and indirect) by 
MRCP were calculated and compared between the e-PC and 
a-PC groups. A  p  value <0.05 was considered to be statistically 
significant.

  Results 

 Among the 244 cases diagnosed with PC based on the 
clinical findings, pancreatic disease was detected in 155 
cases (63.5%), while diseases other than pancreatic dis-
ease were detected in 64 (26.2%), and 25 cases (10.3%) 
were found to have no disease at all ( Fig. 2 ).

  Three of these 155 patients received a cytodiagnosis us-
ing pancreatic juice obtained by ENPD, as EUS revealed a 
tumor in the MPD; they were therefore diagnosed with 
adenocarcinoma by cytology of the ENPD sample. One of 
these 3 patients underwent distal pancreatectomy, and the 
other 2 received best supportive care because they were 
elderly. Forty-one cases in whom EUS revealed a tumor in 
the pancreas parenchyma underwent EUS-FNA. The final 
UICC tumor classification of pancreatic adenocarcinoma 
revealed that 15 of the 28 PC (53.6%) cases were e-PC 
(stage IA,  n  = 4; IB,  n  = 1; IIA,  n  = 4; IIB,  n  = 6); 11 and 4 
patients in the e-PC group received surgery and best sup-
portive care because 4 patients were elderly, respectively 
( Fig. 3 ). Thirteen of the 28 PC (46.4%) cases were a-PC 
(stage III,  n  = 4; IV,  n  = 9); 9 and 4 patients in the a-PC 
group received chemotherapy and best supportive care, 
respectively. In 105 cases, EUS revealed a cystic lesion or 
pancreatic swelling but did not reveal a solid tumor in the 
pancreas; therefore, these patients are being followed up 
without EUS-FNA or ENPD ( Fig. 2 ).

  Comparison of the Mean Total Scores at Entry among 
the e-PC, a-PC, and Non-PC Groups ( Fig. 4 ) 
 The average total scores were 3.1 ± 1.9, 3.9 ± 0.9, and 

2.1 ± 0.4 in the e-PC, a-PC, and non-PC groups, respec-
tively. The average total score of the e-PC and a-PC group 

was significantly higher than that of the non-PC group 
( p  < 0.05). There were no significant differences in the 
average total score between the e-PC and a-PC groups 
( Fig. 4 ).

  Comparison of Each Score Item among the e-PC, 
a-PC, and Non-PC Groups ( Fig. 5 ) 
 “High AMY/P-AMY” was found in 8 of 15 (53.3%), 2 

of 13 (15.4%), and 36 of 216 (16.7%) patients in the e-PC, 
a-PC, and non-PC groups, respectively; the frequency in 
the e-PC group was significantly higher than in the other 
groups ( p  < 0.05). “Symptoms” was found in 8 of 15 
(53.3%), 10 of 13 (77%), and 42 of 216 (19.4%) patients in 
the e-PC, a-PC, and non-PC groups, respectively; the fre-
quency in the e-PC and a-PC groups was significantly 
higher than in the non-PC group ( p  < 0.05). “US findings” 
was found in 11 of 15 (73.3%), 10 of 13 (66%), and 160 of 
216 (74.5%) patients in the e-PC, a-PC, and non-PC 
groups, respectively, which was not significantly differ-
ent. “New-onset DM” was found in 1 of 15 (6.7%), 5 of 13 
(38.5%), and 17 of 216 (7.9%) patients in the e-PC, a-PC, 
and non-PC groups, respectively; the frequency in the 
e-PC group was significantly higher than in the other 
groups ( p  < 0.05). “High CA19-9 levels” was found in 8 of 
15 (53.3%), 13 of 13 (100%), and 17 of 216 (7.9%) patients 
in the e-PC, a-PC, and non-PC groups, respectively; the 
frequency in the e-PC group was significantly higher than 
in the non-PC group ( p  < 0.05).

5

4

3

2

1

0
e-PC group a-PC group

p < 0.01
p < 0.01

ns

Overall non-PC group

2.1 ± 0.43.9 ± 0.93.1 ± 1.9

  Fig. 4.  A comparison of the mean total scores at entry among the 
early-stage pancreatic cancer (e-PC), advanced pancreatic cancer 
(a-PC), and non-pancreatic cancer (non-PC) groups. ns, not sig-
nificant.         
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  Clinical Findings of the PC Patients at Entry 
 Nine of the 15 (60.0%) patients in the e-PC group, 

were enrolled via GIMs, while the remaining 6 (40.0%) 
were enrolled via PMOs (general surgery,  n  = 3; urology, 
 n  = 2; otolaryngology,  n  = 1). Six patients with abdominal 
pain in the e-PC group had acute pancreatitis; the ab-
dominal pain coincided with a high AMY level. Abnor-
mal US findings were detected at entry in 11 of the 15 
(73.3%) patients in the e-PC group, and the remaining 4 
(26.7%) were enrolled via facilities in which US was not 
conducted. After having being introduced to our hospi-
tal, all of these patients underwent US. The total sensitiv-
ity of direct detection by US (both US findings at entry 
and at our institution) was 40.0% (6 of 15) in the e-PC 
group. The total sensitivity for detecting MPD dilatation 
by US was 66.7% (10 of 15) in the e-PC group. The sen-
sitivity for detecting a cystic lesion by US was 20.0% (3 of 
15) in the e-PC group. The overall sensitivity of indirect 
US findings (MPD dilatation and/or cystic lesion) by US 
was 93.3%.

  Comparison of the Sensitivities of Detecting 
Pancreatic Findings by MRCP between the e-PC 
and a-PC Groups ( Table 1 ) 
 The sensitivities for detecting pancreatic carcinoma by 

diffusion MRI were 33.3% (5 of 15) and 92.3% (12 of 13) 
in the e-PC and a-PC groups, respectively, which was sig-
nificantly different ( p  < 0.05). The sensitivities for detect-
ing MPD dilatation by MRCP were 93.3% (14 of 15) and 
84.6% (11 of 13) in the e-PC and a-PC groups, respec-
tively. The sensitivities for detecting MPD cystic lesion by 
MRCP were 26.7% (4 of 15) and 38.5% (5 of 13) in the 
e-PC and a-PC groups, respectively. There were no sig-
nificant differences in the indirect findings for MPD dila-
tation and MPD cystic lesions between the e-PC and a-PC 
groups.

  Discussion 

 PC is one of most lethal malignant cancers, ranking 
fifth in mortality related to cancer worldwide. The over-
all 5-year survival rate of PC has been reported to be 

%
100

75

50

p < 0.05

p < 0.05

ns

ns p < 0.05

p < 0.05

ns ns

ns

p < 0.05

ns

p < 0.05

p < 0.05

ns

p < 0.05

25

0
High AMY/P-AMY Symptom

 e-PC group     a-PC group     non-PC group

US findings New-onset DM High CA19-9

  Fig. 5.  A comparison of each score item among the early-stage pancreatic cancer (e-PC), advanced pancreatic 
cancer (a-PC), and non-pancreatic cancer (non-PC) groups. P-AMY, pancreatic amylase; US, ultrasonography; 
DM, diabetes mellitus; CA19-9, carbohydrate antigen 19-9; ns, not significant.         
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around 1–4%  [22] . Egawa et al.  [23]  analyzed 32,619 cu-
mulative records from 1981 to 2007. The survival curve 
in their report was divided into that for patients who un-
derwent pancreatectomy and that for those who had un-
resectable disease. There was a significant increase in the 
survival rate in the patients who underwent resection. 
Chiang et al.  [24]  compared the clinicopathological char-
acteristics and prognosis of large PC (tumor size >2 cm) 
and small PC (tumor size  ≤ 2 cm) patients undergoing 
resection. Small-PC and large-PC patients had a similar 
prognosis after resection  [23] . A high albumin level (>3.5 
g/dL) and early-stage disease (stage I, II) were favorable 
prognosis factors for small-PC patients. The detection of 
PC at an early stage and the performance of curative sur-
gery can be expected to improve the long-term patient 
outcomes.

  Hanada et al.  [4, 22]  reported that a social program for 
the early diagnosis of PC, with collaborations between 
Onomichi Hospital, specialists in PC from medical cen-
ters, and general practitioners (Onomichi project), was 
useful for the early detection of PC. Developing an effec-
tive screening strategy for PC will require the establish-
ment of a network wherein facilities specializing in PC 
cooperate with medical offices of various channels. 
Screening for cases of PC is simple and easy for various 
doctors, and a sensitive screening method that is safe with 
low invasiveness eagerly waited.

  The pathogenesis of neoplasm remains unclear, but 
some risk factors have been noted for identifying candi-
dates for screening, such as DM, obesity, cigarette smok-
ing, a family history of PC, chronic pancreatitis, and in-
traductal papillary mucinous neoplasm. Evidence-based 
clinical guidelines for PC were published by the Japan 
Pancreas Society (JPS) in 2013  [3] . The sections of Clini-
cal questions 1 and 2 suggest some risk factors that may 

be involved in the development of PC  [4–11] . With refer-
ence to this information, this social program (Kishidawa 
Katsuragi project) adopted clinical findings.

  We compared each item in the scores among the e-PC, 
a-PC, and non-PC groups. “US findings” showed no sig-
nificant difference among the three groups. Three of the 
five clinical findings (“symptoms,” “new onset DM,” and 
“high CA19-9”) were more frequent in the a-PC group 
than in the other groups. In contrast, “high AMY/P-
AMY” was significantly more frequent in the e-PC group 
than in the other groups. Six patients with abdominal 
pain in the e-PC group had acute pancreatitis; abdominal 
pain coincided with a high AMY/P-AMY level. Thus, re-
garding the clinical findings, abdominal pain in patients 
with a high AMY/P-AMY level was important for the de-
tection of e-PC. Homma et al.  [25]  reported that, in a 
study of 10,162 asymptomatic individuals, abnormal 
CA19-9 levels were only noted in 18 (0.2%) subjects. Al-
though their study used a variety of screening tests, only 
4 cases of PC (0.04%) were detected  [25] . The measure-
ment of CA19-9 levels alone was therefore ineffective as 
a screening test for PC, especially in asymptomatic indi-
viduals. In our study, when the finding of a high CA19-9 
level was combined with at least one other clinical find-
ing, the rate of CA19-9 elevation in the e-PC group at en-
try was 53.3%. As such, the combined finding of a high 
CA19-9 level and another clinical finding may be useful 
for detecting e-PC.

  In this study, the total (both US findings at entry and 
our institution) sensitivity for detecting a direct finding 
by US was 40.0% in the e-PC group. However, the sensi-
tivities for indirect findings, such as MPD dilatation or 
cystic lesions, by US were high and were therefore deemed 
very important for the detection of e-PC. Although the 
diagnostic ability of US depends on the operator’s experi-

 Table 1.  Total sensitivities for detecting pancreatic findings by diffusion magnetic resonance imaging (MRI) and 
magnetic resonance cholangiopancreatography (MRCP) between the early-stage pancreatic cancer (e-PC) and 
advanced pancreatic cancer (a-PC) groups

Direct finding on 
diffusion MRI, n (%)

 Indirect findings on MRCP, n (%)

solid tumor MPD  dilatation cystic lesion MPD dilatation and/
or cystic lesions

e-PC group (n = 15) 5 (33.3) } p < 0.05 14 (92.3) } ns 4 (26.7) } ns 8 (100) } nsa-PC group (n = 13) 12 (92.3) 11 (84.6) 5 (38.5) 6 (100)

 MPD, main pancreatic duct; ns, not significant.
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ence and the patient’s condition (in terms of obesity and 
bowel gas content), US remains useful noninvasive, con-
venient technique, and it is associated with lower costs 
than multiple detector computed tomography (MDCT), 
MRCP/diffusion MRI, and EUS, which are necessary pri-
mary imaging modalities for diagnosing e-PC.

  Although there were no significant differences in the 
average total score between the e-PC and a-PC groups, 
the average total scores of the e-PC and a-PC groups were 
significantly higher than those of the overall non-PC 
groups at entry. Therefore, our findings suggested that if 
the average score for clinical findings was  ≥ 3, we should 
strongly doubt pancreatic cancer and perform a more de-
tailed inspection with MRCP/diffusion MRI, EUS and 
MDCT.

  In the Kishiwada Katsuragi project, patients who were 
enrolled according to clinical findings initially underwent 
MRCP/diffusion MRI. MDCT involves radiation expo-
sure and carries an unpredictable risk of an allergic re-
sponse to the iodine contrast medium; however, MRCP/
diffusion MRI carries no such risk or exposure require-
ments. In addition, MRCP is a noninvasive and increas-
ingly common procedure in cases of biliary and pancre-
atic diseases and is as sensitive as endoscopic retrograde 
cholangiopancreatography in detecting pancreatic carci-
nomas  [26–28] . Furthermore, diffusion MRI measures 
the Brownian motion (random thermal diffusion) of 
molecules in tissues and depicts locoregional characteris-
tics of water diffusion. Thus, diffusion MRI can be used 
to distinguish neoplastic lesions from the surrounding 
normal tissues without the need for an imaging contrast 
agent. Diffusion MRI can be used for the diagnosis of PC. 
In our study, patients who were enrolled based on their 
clinical findings initially underwent diffusion MRI/
MRCP. In our study, the sensitivities of detecting direct 
finding by diffusion MRI were 33.3 and 92.3% in the e-PC 
and a-PC groups, respectively. Although diffusion MRI 
was useful for detecting a-PC, it was not sufficient to de-
tect e-PC. However, in the e-PC group, the sensitivities 
for overall indirect findings, including dilatation of the 

MPD and/or cysts, was 100%, suggesting that these find-
ings were very important for detecting e-PC.

  In the Kishiwada Katsuragi project, we hoped that the 
clinical findings would allow e-PC to be readily detected 
by any PMO. Therefore, 41 PMOs (27 GIMs and 14 oth-
er PMOs) were enrolled as cooperative facilities, includ-
ing 27 GIMs and 14 other types of PMO (general surgery, 
urology, and orthopedics departments) to determine 
which clinical findings were most closely associated with 
the detection of PC. Six (6/15) of all patients with e-PC 
were detected by other PMOs, suggesting that the par-
ticipation of other PMOs, as well as GMIs, plays an im-
portant role in improving the e-PC detection rate. Re-
garding the clinical findings at entry, the rates of patients 
with symptoms, high AMY/P-AMY, high CA19-9, and 
new-onset DM were lower than those with US findings in 
the e-PC groups; however, these findings were important 
for the detection of PC because 4 of the 15 (26.7%) pa-
tients were from facilities in which US was not conducted.

  The present study is associated with several limita-
tions, including the small study population. Further ex-
aminations are therefore necessary. The accumulation of 
a greater number of cases and the modification of the 
clinical finding score will be necessary to improve the ef-
ficiency of PC detection.

  In conclusion, social programs with collaborations be-
tween medical centers that specialize in PC and PMOs 
used clinical findings, suggesting that not only GIMs but 
also other PMOs may be important for the early detection 
of PC. Findings from US and MRCP/diffusion MRI, es-
pecially indirect findings such as dilatation of the MPD 
and cystic lesions, were useful for the detection of e-PC. 
Further studies with the accumulation of a greater num-
ber of cases are necessary to confirm our findings.
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nation of a resected specimen revealed carcinoma in situ in 
the narrow MPD at the body of the pancreas. In the current 
case, repeated pancreatic juice cytology via ENPD was effec-
tive. A weak low echoic area around the MPD stricture on 
EUS might be related to the inflammatory change accompa-
nying carcinoma in situ of the pancreas. 

 © 2017 S. Karger AG, Basel 

 Introduction 

 Repeated pancreatic juice cytology via endoscopic na-
sopancreatic drainage (ENPD) is found to have a high 
diagnostic yield and might be useful for the diagnosis of 
early-stage pancreatic cancer  [1] . Endoscopic ultrasound 
(EUS)-guided fine-needle aspiration is also helpful for 
confirming the diagnosis of early pancreatic carcinoma, 
but its role is limited with respect to carcinoma in situ as 
no tumor has formed at this stage  [2] . A weak low echoic 
area around the main pancreatic duct (MPD) stricture on 
EUS might be related to inflammatory changes accompa-
nying carcinoma in situ of the pancreas.

  Here, we report the case of repeated pancreatic juice 
cytology via ENPD, which was effective.

 Keywords 
 Pancreatic carcinoma in situ · Pancreatic juice cytology  

 Abstract 
 Repeated pancreatic juice cytology via endoscopic nasopan-
creatic drainage (ENPD) has a high diagnostic yield and 
might be useful for the diagnosis of early-stage pancreatic 
cancer. A 67-year-old man presented with a pancreatic cyst 
occasionally detectable in the body of the pancreas by ultra-
sonography (US). No obvious pancreatic tumor was detect-
ed by US, computed tomography (CT), magnetic resonance 
cholangiopancreatography, and endoscopic ultrasound 
(EUS) (although the latter did reveal a weak, low echoic area). 
Endoscopic retrograde pancreatography showed irregular 
narrowing of the main pancreatic duct (MPD) at the pancre-
atic body. Pancreatic juice cytology was also performed, but 
did not give evidence of a malignancy. Therefore, the patient 
was followed up. CT and EUS performed after 3 months 
showed the same findings as did endoscopic retrograde 
pancreatography; however, the results of repeated pancre-
atic juice cytology performed via ENPD tube revealed a sus-
pected malignancy on 2 of 6 occasions. Therefore, we per-
formed a central pancreatectomy. Histopathological exami-
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  Fig. 2.  A computed tomography image showing a pancreatic cyst 
in the body, and dilation of the main pancreatic duct (arrows). 

  Fig. 1.  An ultrasonography image showing a pancreatic cyst in the 
body of the pancreas (arrows). 

  Fig. 3.  A magnetic resonance cholangiopancreatography image 
showing irregular narrowing of the main pancreatic duct at the 
pancreatic body (arrows). 

  Fig. 4.  An endoscopic ultrasound image showing a weak low echo-
ic area around the narrowing of the main pancreatic duct at the 
pancreatic body (arrows). 

  Fig. 5.  An endoscopic retrograde pancreatography image showing 
irregular narrowing of the main pancreatic duct at the pancreatic 
body (arrows). 

25.00 μm

  Fig. 6.  Pancreatic juice cytology obtained by endoscopic nasopan-
creatic drainage tube revealing suspected malignancy. 
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  Case Report 

 We describe a 67-year-old man with a pancreatic cyst occa-
sionally detectable in the body of the pancreas by ultrasonography 
(US) ( Fig.  1 ). Tumor markers (CEA, CA19-9, DUPAN2, and 
Span1) were within normal limits. Computed tomography (CT) 
also revealed a pancreatic cyst (diameter, 15 mm) in the body of 

the pancreas and dilation of the MPD ( Fig. 2 ). Magnetic resonance 
cholangiopancreatography showed localized irregular narrowing 
of the MPD at the pancreatic body ( Fig. 3 ), and EUS showed a 
weak low echoic area around this point ( Fig. 4 ). No obvious pan-
creatic tumor was detected by US, CT, magnetic resonance chol-
angiopancreatography, and EUS (although the latter did reveal a 
weak low echoic area). Endoscopic retrograde pancreatography 

  Fig. 7.  Histopathological examination of 
the resected specimen shows carcinoma in 
situ at the part of the narrow main pancre-
atic duct in the body of the pancreas (ar-
rows). 

  Fig. 8.  Histopathological examination of 
the resected specimen shows inflammatory 
change seen around the carcinoma (ar-
rows) in situ detected by endoscopic ultra-
sound (arrowheads). 
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showed irregular narrowing of the MPD at the pancreatic body 
( Fig. 5 ). Pancreatic juice cytology was also performed, but did not 
give evidence of a malignancy. Therefore, the patient was followed 
up. CT and EUS performed 3 months later showed the same find-
ings as did endoscopic retrograde pancreatography; however, the 
results of repeated pancreatic juice cytology via ENPD tube re-
vealed a suspected malignancy on 2 of 6 occasions ( Fig. 6 ). Taking 
all imaging findings into consideration, we suspected pancreatic 
carcinoma in situ at the pancreatic body. Therefore, we performed 
a central pancreatectomy. Histopathological examination of a re-
sected specimen revealed carcinoma in situ in the narrow MPD at 
the body of the pancreas ( Fig. 7 ). The resected margin of the pan-
creas was negative, and no lymph node metastasis was detected. 
Inflammatory change (inflammatory cell infiltration and fibrosis) 
were observed around the carcinoma in situ, at the site matched 
to the low echoic area detected by EUS ( Fig. 8 ). The patient is still 
alive 3 years following surgery, and no adjuvant chemotherapy 
was required.

  Discussion 

 Previous studies showed that ENPD had a high diag-
nostic yield and might be useful for the diagnosis of early-
stage pancreatic cancer  [1] . In the current case, repeated 

pancreatic juice cytology via ENPD was also effective. 
EUS-guided fine-needle aspiration is also helpful for con-
firming the diagnosis of early pancreatic carcinoma, but 
its role is limited with respect to carcinoma in situ as no 
tumor has formed at this stage  [2] . A weak low echoic area 
around the MPD stricture on EUS might be related to the 
inflammatory changes accompanying carcinoma in situ 
of the pancreas.
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Multivariable logistic regression analysis was performed 
with malignant IPMN as the outcome variable and MNs and 
risk factors for PDAC as explanatory variables.  Results:  The 
odds ratio of malignant IPMN to MNs was 3.88 (95% confi-
dence interval [CI] 1.53–9.84;  p  = 0.004), whereas that of ma-
lignant IPMN to smoking history was 1.66 (95% CI 0.74–3.71; 
 p  = 0.22). When the presence of MNs was considered as a 
predictive factor for malignancy, the sensitivity and specific-
ity were 88.5 and 32.1%, respectively, whereas when the 
presence of both smoking history and MNs was considered, 
the specificity improved to 73.2%, with a decrease in sensi-
tivity to 42.3%.  Conclusions:  The presence of both a smok-
ing history and MNs was a valuable predictive factor for ma-
lignant IPMN with high specificity. A smoking history should 
be considered before surgical resection in addition to the 
presence of MNs.   © 2017 S. Karger AG, Basel 

 Keywords 
 Intraductal papillary mucinous neoplasm · Pancreatic 
ductal adenocarcinoma · Smoking history · Risk factors 

 Abstract 
  Background and Aims:  Risk factors for pancreatic ductal 
adenocarcinoma (PDAC) include diabetes mellitus, chronic 
pancreatitis, obesity, a family history of pancreatic cancer, 
and a history of smoking or alcohol consumption. The aim 
of this study was to evaluate the association between risk 
factors for PDAC and malignant intraductal papillary muci-
nous neoplasm (IPMN).  Methods:  The study included 134 
consecutive patients with IPMN who underwent surgical re-
section at Kindai University Hospital between April 2009 
and March 2015. Data on the presence or absence of mural 
nodules (MNs) and risk factors for PDAC were evaluated. 
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 Introduction 

 Intraductal papillary mucinous neoplasm (IPMN) is 
diagnosed by several imaging modalities, such as ultraso-
nography, computed tomography, magnetic resonance 
cholangiopancreatography, and endoscopic ultrasonog-
raphy. The 2012 international consensus guidelines for 
the management of IPMN define the presence of mural 
nodules (MNs) as high-risk stigmata, and IPMN with 
MN is an indication for surgical resection  [1] . Pathologi-
cally, IPMN is classified as low, intermediate, or high-
grade dysplasia or as invasive  [2] . Invasive IPMN at an 
advanced stage mimics ordinary pancreatic ductal adeno-
carcinoma (PDAC). Diabetes mellitus (DM), chronic 
pancreatitis (CP), obesity, a family history of pancreatic 
cancer, a smoking history, and alcohol consumption are 
well-known risk factors for PDAC  [3–8] . However, the 
association of these risk factors with malignant IPMN, 
including high-grade dysplasia and invasive disease, is 
poorly understood. In this study, we evaluated a database 
of 134 consecutive patients with IPMN who underwent 
surgical resection and assessed the association of risk fac-
tors for PDAC with malignant IPMN. 

  Patients and Methods  

 Study Design 
 The present study was a single-center retrospective study using 

prospectively collected data. The final diagnoses were made ac-
cording to histological specimens obtained during surgical resec-
tion. This study was performed with the approval of the ethics 
committee of Kinki University School of Medicine.

  Patients 
 A total of 134 consecutive patients with IPMN who underwent 

surgical resection for IPMN at our hospital between April 2009 
and March 2015 were included. Patients who underwent surgical 
resection for PDAC concomitant with IPMN were excluded from 
the study. Data were collected prospectively before surgical resec-
tion and included the presence or absence of MNs, DM (HbA1c 
[National Glycohemoglobin Standardization Program]  ≥ 6.5), CP, 
obesity (body mass index >30), family history of pancreatic cancer, 
smoking history (former and current smoker), and alcohol con-
sumption (>37.5 g/day). For DM, information on disease duration 
and the presence or absence of rapid progression was also collect-
ed. For smoking history, pack-years data were also collected.

  Definitions 
 IPMN was classified into main duct type, mixed type, or branch 

duct type based on imaging studies and according to the 2012 in-
ternational consensus guidelines  [1] . The reference standard was 
the pathological findings after surgical resection. Malignant IPMN 
was defined as high-grade dysplasia or invasive disease. Benign 
IPMN was defined as low- and moderate-grade dysplasia and bor-

derline malignancy. MN was defined as a protrusion of the cyst 
wall into its lumen that was detected by imaging modalities, such 
as ultrasonography, computed tomography, magnetic resonance 
cholangiopancreatography, or endoscopic ultrasonography. For-
mer smokers were defined as patients who had stopped smoking 
>1 year before surgical resection. Current smokers were defined as 
patients who were smoking at the time of surgery. 

  Statistical Analysis 
 To examine factors affecting malignant IPMN, a multivariable 

logistic regression analysis was performed in which the outcome 
variable was malignant IPMN and the explanatory variables were 
MNs, DM, CP, obesity, family history of pancreatic cancer, smok-
ing history, and alcohol consumption. The sensitivity, specificity, 
and accuracy for diagnosing malignant IPMN using MNs and/or 
risk factors for PDAC were calculated. All statistical analyses were 
performed using JMP software version 13 (SAS Institute, Cary, 
NC, USA).

  Results 

 The characteristics of the 134 patients are shown in 
 Table 1 . According to the pathological classification, the 
number of malignant and benign IPMNs was 78 (58%) 
and 56 (42%), respectively. The presence or absence of 
MNs and/or the risk factors for PDAC in the 134 patients 
are shown in  Table 2 . MNs were preoperatively detected 
in 107 patients and not detected in 27 patients.  Table 3  
shows the association between the presence or absence of 
risk factors and malignant or benign IPMN. All patients 
with CP had malignant IPMN; CP was excluded from the 

 Table 1.  Patient characteristics (n = 134)

Mean age ± SD, years 69.8 ± 8.61
Gender, n

Male 
Female

69
65

Location of resected IPMN, n
Head
Body 
Tail

94
30
10

Type of IPMN, n
Main duct type
Mixed type 
Branch duct type

19
41
74

Final diagnosis, n
Malignant IPMNa

Benign IPMNb 
78
56

 SD, standard deviation; IPMN, intraductal papillary mucinous 
neoplasm. a High-grade dysplasia and invasive. b Low- and inter-
mediate-grade dysplasia.
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multivariable logistic regression analysis for malignant 
IPMN despite the strong association of CP with malig-
nant IPMN.

  Patients with DM within 3 years of disease duration 
had high rates of malignant IPMN. Regarding smoking 
history, the number of pack-years was positively related 
to the rate of malignant IPMN and the presence of MNs.

  Multivariable Logistic Regression Analysis Using 
Malignant IPMN as an Outcome Variable 
 The results of the multivariable logistic regression 

analysis are shown in  Table 4 . Using a cutoff value of  p  = 
0.25, the presence of MNs and smoking history were 
identified as factors positively associated with malignant 

IPMN. Family history was negatively associated with ma-
lignant IPMN and was excluded from further analysis.

  Sensitivity, Specificity, and Accuracy for Diagnosing 
Malignant IPMN Using MNs and/or Smoking History 
 As an additional analysis, we assessed the accuracy of 

MNs and/or smoking history for the diagnosis of malig-
nant IPMN considering the results of the multivariable 
logistic regression analysis. When the presence of MNs 
was considered an indicator of malignancy, the sensitiv-
ity, specificity, positive predictive value (PPV), negative 
predictive value, and accuracy with 95% confidence inter-

 Table 2. MNs and risk factors for PDAC (n = 134)

MN in cyst, n
Present
Absent

107
27

DM (HbA1c [NGSP] ≥ 6.5%), n
Present
Disease duration

Within 3 years 
More than 3 years 

Absent

36

31
5

98

CP, n
Present
Absent

9
125

Obesity (BMI >30), n
Present
Absent

9
125

Smoking history, n
Present
Pack-years

More than 40
20 – 39
1 – 19

Absent

58

32
25

1
76

Alcohol consumption (>37.5 g/day), n
Present
Absent

25
109

Family history of pancreatic cancer, n
Present
Absent

7
127

MN, mural nodule; PDAC, pancreatic ductal adenocarcinoma; 
DM, diabetes mellitus; NGSP, National Glycohemoglobin Stan-
dardization Program; CP, chronic pancreatitis; BMI, body mass 
index.

 Table 3. Association between MNs and other risk factors and 
malignant or benign IPMN

Benign
(n = 56)

Malignant
(n = 78)

MNs, n
Absent 18 9
Present 38 69

DM, n
Absent 43 55
Present 13 23
Disease duration

Within 3 years 1 4
More than 3 years 12 19

CP, n
Absent 56 69
Present 0 9

Obesity, n
Absent 52 73
Present 4 5

Smoking, n
Absent 37 39
Present 19 39
Pack-years

More than 40 10 22
20 – 39 8 17
1 – 19 1 0

Alcohol, n
Absent 48 61
Present 8 17

Family history, n
Absent 51 76
Present 5 2

MN, mural nodule; IPMN, intraductal papillary mucinous 
neoplasm; DM, diabetes mellitus; CP, chronic pancreatitis.
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vals were 88.5% (82.7–93.2), 32.1% (24.1–38.8), 64.5% 
(60.3–68.0), 66.7% (49.9–80.4), and 64.9% (58.2–70.5), 
respectively. The specificity of the diagnosis using only 
the presence of MNs was low; therefore, we evaluated the 
diagnostic ability using both MNs and smoking history. 
Considering both the presence of MNs and a positive 
smoking history as indicators of malignancy, the sensitiv-
ity, specificity, PPV, negative predictive value, and accu-
racy with 95% confidence intervals were 42.3% (35.4–
48.4), 73.2% (63.6–81.7), 68.8% (57.6–78.6), 47.7% (41.4–
53.2), and 55.2% (47.2–62.3), respectively. 

  Discussion 

 The frequency of high-grade dysplasia or invasive 
main duct type IPMN is approximately 70%  [1, 9] . By 
contrast, the rate of high-grade dysplasia or invasive 
branch duct type IPMN is lower; therefore, the indica-
tions for the surgical resection of IPMNs, especially for 
branch duct IPMNs, remain controversial  [1, 9] . In this 
study, we evaluated 134 patients with resected IPMNs 
and found that 58.2% were malignant. MNs are consid-
ered as high-risk stigmata, and 107 of the 134 patients 
(79.9%) underwent surgical resection because of the pres-
ence of MNs; however, the PPV of MNs for malignant 
IPMN was 64.5%, which was not a satisfactory result. The 
identification of factors with good predictive value for 
malignant IPMN is necessary.

  Several studies investigated the association of environ-
mental, personal, and hereditary risk factors with the oc-

currence or degree of IPMN  [10–14] . Capurso et al.  [10]  
compared 390 patients with IPMN with 390 matched 
controls and found that a history of DM, CP, and a fam-
ily history of pancreatic cancer were all independent risk 
factors for IPMN. Carr et al.  [11]  examined the associa-
tion between IPMN malignant progression and smoking 
in 324 resected IPMNs and found no significant differ-
ence in the percentage of invasive IPMNs between smok-
ers and nonsmokers (22 vs. 18%,  p  = 0.5). However, 
among patients with invasive IPMN, smokers were 
younger than nonsmokers at the time of diagnosis (65 vs. 
72 years,  p  = 0.01). This indicated that smoking might 
promote IPMN malignant progression. Rezaee et al.  [12]  
reported that patients with main duct type IPMNs were 
more frequently smokers than patients with mixed and 
branch duct type IPMNs ( p  = 0.03). However, there was 
no difference between the 2 groups in terms of the risk of 
high-grade dysplasia or invasive carcinoma.

  The present study showed no significant difference in 
the incidence of malignant IPMNs between smoking and 
nonsmoking groups. However, the odds ratio of smoking 
(1.66) in patients with malignant IPMN was higher than 
that of environmental, personal, and hereditary risk fac-
tors. Moreover, considering a positive smoking history in 
combination with the presence of MNs as indications for 
surgery, the PPV and specificity for malignant IPMN in-
creased from 64.5 to 68.8% and from 32.1 to 73.2%, re-
spectively, although the accuracy decreased. 

  This study had several limitations. The study used a 
retrospective design and included a small number of pa-
tients who underwent surgical resection. The results of 
the analysis should be validated in a prospective larger 
study. CP was excluded from the multivariable logistic 
regression analysis of the association between MNs and 
the risk factors for PDAC and malignant IPMN because 
the value of CP was unstable, as all patients with CP had 
malignant IPMNs. However, CP may be associated with 
malignant IPMN. 

  In conclusion, there was no significant association be-
tween the risk factors for PDAC and malignant IPMN. 
The presence of several risk factors, especially a positive 
smoking history in addition to the presence of MNs, is an 
indication for surgical resection in patients with IPMN.

  Disclosure Statement 

 There are no potential competing interests concerning this 
study.

 Table 4. Multivariable logistic regression analysis of the association 
between MNs and the risk factors for PDAC and malignant IPMNa

Odds
ratio

95% CI p
value

Malignant IPMN (outcome variable)
MN 3.88 1.53 – 9.84 0.004
DM 1.41 0.58 – 3.43 0.45
Obesity 0.52 0.12 – 2.24 0.38
Smoking history 1.66 0.74 – 3.71 0.22
Alcohol consumption 1.40 0.48 – 4.05 0.54
Family history of pancreatic cancer 0.22 0.04 – 1.34 0.10

MN, mural nodule; PDAC, pancreatic ductal adenocarcinoma; 
IPMN, intraductal papillary mucinous neoplasm; CI, confidence 
interval; DM, diabetes mellitus. a CP was excluded from this anal-
ysis because the initial analysis showed that the value of CP was 
unstable.
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pan. These case reports regarding EUS-FNA-related needle 
tract seeding prompted us to reevaluate the safety of EUS-
FNA because this complication may have a significant influ-
ence on patients’ prognoses. In this review, we summarize 
the clinical features and outcomes of needle tract seeding 
after EUS on the basis of the previously reported cases and 
provide useful information to prevent and reduce this seri-
ous complication.  © 2017 S. Karger AG, Basel 

 Introduction 

 Since the first description in 1992 by Vilmann et al.  [1] , 
the utility and efficacy of endoscopic ultrasound-guided 
fine-needle aspiration (EUS-FNA) have been well estab-
lished in the diagnoses of a wide variety of lesions located 
in and adjacent to the gastrointestinal tract. Although 
EUS-FNA itself has been considered to be a very safe di-
agnostic modality with <1% of morbidity and mortality 

 Keywords 
 Endoscopic ultrasound · Endoscopic ultrasound-guided 
fine-needle aspiration · Needle tract seeding · Tumor 
seeding · Seeding 

 Abstract 
 Endoscopic ultrasound-guided fine-needle aspiration (EUS-
FNA) has been widely used for diagnosis of both inflamma-
tory and tumor lesions located in and adjacent to the gastro-
intestinal tract. EUS-FNA has been considered to be a safe 
technique with few complications, as shown in recent review 
articles in which EUS-FNA-related morbidity and mortality 
rates were reported to be <1%. It should be noted, however, 
that needle tract seeding, although uncommon, can occur 
after diagnostic EUS-FNA and that this complication affects 
the prognosis of patients. Although an accurate value for the 
frequency of needle tract seeding caused by EUS-FNA has 
not been reported, the numbers of case reports on needle 
tract seeding have been rapidly increasing, especially in Ja-
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rates  [2] , it is not free from complications. The most com-
mon complications of EUS-FNA include infections, 
bleeding, and pancreatitis. Moreover, a number of recent 
case studies have highlighted the importance of needle 
tract seeding as a rare but serious complication associated 
with EUS-FNA. Although an accurate value for the fre-
quency of needle tract seeding following EUS-FNA has 
not been reported yet, the numbers of case reports re-
garding needle tract seeding have been increasing, espe-
cially those by Japanese endosonographers. Probably, this 
complication remains underreported. In this review, we 
summarize the clinical features and outcomes of needle 
tract seeding obtained from an extensive analysis of pre-
viously published reported cases.

  Methods 

 This review is based on the results of searches performed in the 
Medline/PubMed and Cochrane Library electronic databases of 
studies published between June 1996 and June 2017 using the key-
words “EUS OR endoscopic ultrasound” AND “seeding.” The ini-
tial search identified 80 articles. Of these, 32 articles were consid-
ered relevant to this review through the screening of their titles. 
After careful reading of the abstracts, the complete texts were ob-
tained for potentially relevant articles. Finally, we included a total 
of 29 references focusing on EUS-FNA-related complications and 
found 15 case reports regarding needle tract seeding following 
EUS-FNA. 

  Risk of Needle Tract Seeding following EUS-FNA 

 According to large retrospective surveys, the rate of 
needle tract seeding caused by percutaneous abdominal 
FNA is extremely low and ranges from 0.003 to 0.009% 
 [3, 4] . Furthermore, a previous study suggested that nee-
dle tract seeding and/or peritoneal dissemination may be 
disregarded as possible complications following EUS-
FNA because the rate of such complications is lower in 
EUS-FNA than in percutaneous FNA  [5] . However, it has 
been suggested that the frequency of needle tract seeding 
might have been underestimated in previous studies be-
cause disease mortality was calculated without clear rec-
ognition of tumor dissemination  [6] . More accurate rates 
of needle tract seeding caused by EUS-FNA have been 
obtained by later retrospective analyses. In cases of pan-
creatobiliary tumors, many studies have provided evi-
dence that the EUS-FNA procedure itself did not increase 
the risk of needle tract seeding, peritoneal dissemination, 
or decreased survival  [7–12] . For example, Ngamrueng-
phong et al.  [7]  performed a retrospective study to ad-

dress whether preoperative EUS-FNA for pancreatic can-
cer is associated with an increased risk of stomach or peri-
toneal recurrence and whether the procedure affects 
long-term survival. In this retrospective study in 256 pa-
tients who underwent surgery with curative intent, pre-
operative EUS-FNA was performed in 208 patients, and 
a total of 16 patients had peritoneal recurrence. This 
group of 16 patients with peritoneal or gastric recurrence 
was composed of 5 patients in the non-EUS-FNA group 
and 11 patients in the EUS-FNA group. A multivariate 
analysis did not find a significant correlation between 
preoperative EUS-FNA and cancer recurrence in the 
stomach or peritoneal cavity  [7] . Similar results were ob-
tained in 2 other retrospective studies in which EUS-FNA 
did not increase the risk of tumor dissemination through 
the needle tract in pancreatic cancer  [10, 11] . Regarding 
mucinous pancreatic cystic lesions, the PIPE study was 
conducted to assess the frequency of postoperative peri-
toneal seeding in patients with intraductal papillary mu-
cinous neoplasm. In this study, preoperative EUS-FNA 
was not associated with an increased frequency of perito-
neal seeding in patients who underwent surgery  [8] .

  However, we need to be cautious in the interpretation 
of the results of these studies for the following reasons. 
First, the number of patients in these studies might be too 
small to sufficiently estimate the actual frequency of nee-
dle tract seeding, a rare complication of EUS-FNA. Sec-
ond, the follow-up periods of these studies were rather 
short to observe the incidence or outcome of needle tract 
seeding. Taken together, these retrospective studies do 
not provide clinical evidence that needle tract seeding is 
a complication associated with EUS and that awareness 
of this complication is absolutely necessary before EUS-
FNA. 

  In contrast to the retrospective studies shown above, a 
prospective study by Levy et al.  [13]  provided valuable in-
formation about the causal linkage of EUS-FNA to tumor 
dissemination. They evaluated the presence of malignant 
cells within gastrointestinal luminal fluid in patients who 
received diagnostic EUS-FNA for extraluminal sites, pan-
creatic cancer in this case. Surprisingly, post-FNA luminal 
fluid cytology was positive in 3 (11.5%) of 26 patients with 
pancreatic cancer, which suggested that translocation of 
malignant cells from pancreatic cancer tissue into the lu-
men of the gastrointestinal tract was evoked in a signifi-
cant population of patients after diagnostic EUS-FNA 
 [13] . Unfortunately, it remains unknown whether such 
translocation of malignant cells into the gastrointestinal 
lumen results in colonization and dissemination of tumor 
cells. Thus, the clinical significance of these results needs 
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 Table 1.  Clinical features and outcomes of 15 published cases of needle tract seeding following EUS-FNA

First author, 
year [ref.]

Country Diagnosis, tumor 
staging

Details of EUS-FNA Time 
interval 

Details of tumor seed ing Outcomes

puncture 
lumen

needle 
diameter, 
gauge

passes, n see ding site tumor 
size, 
mm

Shah, 
2004 [15]

USA perigastric lymph 
node metastasis from 
malignant melanoma

transgastric 22 1 6 
months

posterior gastric 
wall

30 surgery, further 
follow-up unknown

Paquin, 
2005 [16]

Canada pancreatic 
adenocarcinoma, 
T1N0M0

transgastric 22 5 21
months 

posterior gastric 
wall

50 palliative 
chemotherapy, died 12 
months after diagnosis

Doi, 
2008 [17]

Japan mediastinal lymph 
node metastasis from 
gastric cancer

transesophageal 19 1 21
months 

esophageal wall 8 radiation, the lesion 
resolved after 2 months

Ahmed, 
2011 [18]

USA pancreatic 
adenocarcinoma, 
T2N0M0

transgastric – multiple nearly 
4 years

gastric wall 45 died with another 
malignancy

Chong, 
2011 [19]

Australia pancreatic 
adenocarcinoma, 
T2N0M0

transgastric 22 2 26 
months

posterior gastric 
wall

40 unresectable, further 
follow-up unknown 

Katanuma, 
2012 [20]

Japan pancreatic 
adenocarcinoma, 
T2N0M0

transgastric 22 4 22 
months

posterior gastric 
wall

– surgery, further 
follow-up unknown

Anderson, 
2013 [21]

USA pancreatic 
adenocarcinoma

– – – – gastroesophageal 
junction

10 not reported 

Sakurada, 
2015 [22]

Japan pancreatic 
adenosquamous 
carcinoma, T2N0M0

transgastric 22 – 19 
months

posterior gastric 
wall

20 surgery (curatively 
resected), further 
follow-up unknown

Minaga, 
2015 [23]

Japan pancreatic 
adenocarcinoma, 
T3N0M0

transgastric 22 3 8 
months

posterior gastric 
wall

12 surgery, no recurrence 
after 27 months of 
follow-up

Tomonari, 
2015 [24]

Japan pancreatic 
adenocarcinoma, 
T3N0M0

transgastric 22 2 28 
months 

gastric wall 32 surgery, further 
follow-up unknown

Kita, 
2016 [25]

Japan pancreatic 
adenocarcinoma

transgastric 22 2 7 
months

posterior gastric 
wall

– not reported 

Yamabe, 
2016 [26]

Japan intraductal papillary 
mucinous carcinoma 

transgastric 25 – 3 
months 

posterior gastric 
wall

24 palliative 
chemotherapy, died 26 
months after diagnosis

Minaga, 
2016 [27]

Japan pancreatic 
adenocarcinoma, 
T1N0M0

transgastric 22 3 24 
months

posterior gastric 
wall

30 surgery, no recurrence 
after 18 months of 
follow-up

Iida, 
2016 [28]

Japan pancreatic 
adenocarcinoma, 
T3N0M0

transgastric 22 3 6 
months

posterior gastric 
wall

18 surgery, re-recurrence 
in the upper gastric 
posterior wall

Goel, 2017 
[29]

Australia metastatic squamous 
cell carcinoma in 
the celiac axis of 
unknown origin 

transgastric 19 2 11 
months

posterior gastric 
wall

50 unresectable, further 
follow-up unknown 

EUS-FNA, endoscopic ultrasound-guided fine-needle aspiration.
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to be clarified. However, the results of this study indicate 
that translocation of tumor cells into the gastrointestinal 
lumen might be involved in the development of tumor 
dissemination following EUS-FNA  [6] . Collectively, pre-
vious retrospective and prospective studies have not clear-
ly shown the accurate rate or outcome of needle tract seed-
ing after EUS-FNA. Given that the occurrence of this 
complication is very low, the numbers of recruited pa-
tients in these studies might have been too small to draw 
definitive conclusions. Further prospective studies with a 
large number of patients are awaited to fully define the 
clinical characteristics of needle tract seeding following 
EUS-FNA. Therefore, at present, our knowledge regard-
ing EUS-FNA-related needle tract seeding is exclusively 
obtained from case reports. In the following paragraphs, 
we discuss clinical characteristics of needle tract seeding 
through detailed analysis of each case report. 

  Cases of Needle Tract Seeding in the Literature  

 The first case of tumor dissemination caused by EUS-
FNA was reported by Hirooka et al.  [14]  in 2003. They 
reported a case of EUS-FNA-caused peritoneal dissemi-
nation of an intraductal papillary mucinous tumor of 
stage I with T1N0M0. Since this first report of tumor dis-
semination, needle tract seeding has been reported in 15 
cases following EUS-FNA  [15–29] . Notably, 9 of 15 cases 
were reported from Japan. The details of the individual 
cases are shown in  Table 1 . Moreover, 12 (80%) of 15 cas-
es of needle tract seeding were caused by diagnostic EUS-
FNA of pancreatic cancer and pancreatic cystic tumors. 
In all 12 cases, the tumors were located in the body or tail 
of the pancreas. In 13 (86.7%) of 15 cases, EUS-FNA was 
performed via the gastric body to preferentially diagnose 
pancreatic body or tail lesions. No reports described the 
tumor seeding following EUS-FNA for pancreatic head 
lesions, which can be explained by the fact that the needle 
tract site may be resected together with a primary tumor 
in pancreatic head cancer. These data suggest that endo-
sonographers need to bear in mind the possibility of nee-
dle tract seeding when performing EUS-FNA for resect-
able tumors located in the pancreatic body or tail.

  Regarding the EUS-FNA procedure, a 22-G FNA nee-
dle was used in the majority of cases with EUS-related 
needle tract seeding. In most cases, vacuum suction from 
a syringe during the puncture was applied. The median 
number of needle passes was 2 (range 1–5). Whether the 
risk of tumor seeding is associated with the needle size or 
number of passes remains uncertain. 

  The interval from EUS-FNA to detection of needle 
tract seeding varies widely, with a median interval of 20 
months (range 3–48). For detection of the seeding tumor, 
gastroscopy and imaging modalities, especially positron 
emission tomography, have been useful. Abnormal accu-
mulation of fluorine-18-deoxyglucose locally into the 
seeding sites was detected in 6 cases. 

  In terms of the seeding site, tumor seeding was located 
in the gastric wall in 13 (86.7%) cases, in the esophageal 
wall in 1 case, and in the gastroesophageal junction in 1 
case. The median seeding tumor size was 30 mm (range 
8–50). Most of the seeding tumors manifested as a sub-
mucosal tumor-like mass because the tumor mainly arose 
from the submucosal muscle layer or serosa but not from 
the mucosal layer.

  Regarding treatment of EUS-related needle tract seed-
ing, surgical resection was performed in 7 cases. In 1 case 
of needle tract seeding that occurred in the esophageal 
wall, radiation therapy successfully resolved the lesion. In 
2 cases, palliative chemotherapy was selected, and in the 
remaining 5 cases, the treatment methods were not re-
ported. Among the 7 cases treated with surgical resection 
for EUS-FNA-related needle tract seeding, no tumor re-
currence was observed in the 2 cases treated at our hospi-
tal at 27 and 18 months of follow-up, respectively, after 
surgical resection of the seeded lesions  [23, 27] . In the 
other 5 cases treated with surgical resection, no detailed 
information about the patients’ outcomes and follow-up 
was obtained. Thus, the long-term prognosis of surgical-
ly resected needle tract seeding is not well known. Most 
recently, Iida et al.  [28]  reported a re-recurrence case after 
radical surgical resection for EUS-FNA-related tumor 
seeding. In this case, distal gastrectomy was performed 
for needle tract seeding that occurred on the lower poste-
rior wall of the gastric body. At 21 months after distal 
gastrectomy, re-recurrence was detected on the upper 
posterior wall of the operated gastric body. The authors 
suggested that total gastrectomy rather than simple surgi-
cal resection should be considered in such cases  [28] .

  Although the optimal treatment strategy for needle 
tract seeding has not been established, early detection and 
surgical resection of needle tract seeded lesions may be 
very effective for achieving long-term survival in some 
cases. However, further studies are necessary to fully de-
fine the clinical characteristics of needle tract seeding cas-
es that can be successfully treated with surgical resection. 
Moreover, it should also be emphasized that cautious fol-
low-up of the needle puncture sites by performing endos-
copy and imaging modalities for early detection of needle 
tract seeding is of great importance to ensure radical cure. 
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  Prevention of Needle Tract Seeding 

 As mentioned earlier, needle tract seeding after EUS-
FNA is a serious complication that may worsen patients’ 
prognoses. Consequently, the question arises as to how 
we can perform EUS-FNA safely without increasing the 
risk of needle tract seeding. In this regard, a couple of sug-
gestions have been made to reduce the risk of needle tract 
seeding. Fujii and Levy  [6]  reported that the risk of needle 
tract seeding may be reduced by performing EUS-FNA 
only when the results obtained by this procedure are use-
ful for a patient’s management. Technically, it is impor-
tant to set the needle tract sites within the surgical resec-
tion margins in the cases of patients with resectable tu-
mors to avoid needle tract seeding. Most cases of needle 
tract seeding have occurred after diagnostic EUS against 
lesions located in the pancreatic body or tail. In such cas-
es, needle tract sites may be set in the gastric body, which 
may not be resected by surgery. Therefore, the risk-ben-
efit ratio of EUS-FNA should be carefully considered in 
patients with potentially resectable lesions of the pancre-
atic body or tail, as Hirooka et al. suggested  [14] .

  Careful follow-up using endoscopy and imaging mo-
dalities is necessary in cases in which the needle tract site 
is outside the surgical resection margins. In such cases, it 
may be mandatory to detect needle tract seeding before 
metastases occur to resect curatively.

  Conclusions 

 Needle tract seeding following EUS-FNA is a rare but 
serious complication that may impair patients’ survival. 
Therefore, endosonographers should bear in mind the 
possibility of needle tract seeding before EUS-FNA. Con-
sidering this serious complication, EUS-FNA should be 
performed only when the results obtained by this proce-
dure are useful for therapeutic decision-making. Needle 
tract seeding following EUS-FNA might be avoided by 
setting the needle tract line within the surgical resection 
margins, if technically possible. Carefully planned endo-
scopic and imaging surveillance of the puncture sites 
could lead to early detection of needle tract seeding, which 
may improve the prognosis. Further prospective studies 
with a larger cohort are required to estimate the risk of 
needle tract seeding following EUS-FNA.

  Disclosure Statement 

 The authors have no financial conflicts of interest to declare 
concerning this article.
 

 References 

  1 Vilmann P, Jacobsen GK, Henriksen FW, et 
al: Endoscopic ultrasonography with guided 
fine needle aspiration biopsy in pancreatic 
disease. Gastrointest Endosc 1992;   38:   172–
173. 

  2 Wang KX, Ben QW, Jin ZD, et al: Assessment 
of morbidity and mortality associated with 
EUS-guided FNA: a systematic review. Gas-
trointest Endosc 2011;   73:   283–290. 

  3 Smith EH: Complications of percutaneous 
abdominal fine-needle biopsy. Radiology 
1991;   178:   253–258. 

  4 Jenssen C, Alvarez-Sánchez MV, Napoléon B, 
et al: Diagnostic endoscopic ultrasonography: 
assessment of safety and prevention of com-
plications. World J Gastroenterol 2012;   18:  
 4659–4676. 

  5 Micames C, Jowell PS, White R, et al: Lower 
frequency of peritoneal carcinomatosis in pa-
tients with pancreatic cancer diagnosed by 
EUS-guided FNA versus percutaneous FNA. 
Gastrointest Endosc 2003;   58:   690–695. 

  6 Fujii LL, Levy MJ: Basic techniques in endo-
scopic ultrasound-guided fine needle aspira-
tion for solid lesions: adverse events and 
avoiding them. Endosc Ultrasound 2014;   3:  
 35–45. 

  7 Ngamruengphong S, Xu C, Woodward TA, et 
al: Risk of gastric or peritoneal recurrence, 
and long-term outcomes, following pancre-
atic cancer resection with preoperative endo-
sonographically guided fine needle aspira-
tion. Endoscopy 2013;   45:   619–626. 

  8 Yoon WJ, Daglilar ES, Fernández-del Castillo 
C, et al: Peritoneal seeding in intraductal pap-
illary mucinous neoplasm of the pancreas pa-
tients who underwent endoscopic ultra-
sound-guided fine-needle aspiration: the 
PIPE Study. Endoscopy 2014;   46:   382–387. 

  9 El Chafic AH, Dewitt J, Leblanc JK, et al: Im-
pact of preoperative endoscopic ultrasound-
guided fine needle aspiration on postopera-
tive recurrence and survival in cholangio-
carcinoma patients. Endoscopy 2013;   45:  
 883–889. 

 10 Ikezawa K, Uehara H, Sakai A, et al: Risk of 
peritoneal carcinomatosis by endoscopic ul-
trasound-guided fine needle aspiration for 
pancreatic cancer. J Gastroenterol 2013;   48:  
 966–972. 

 11 Tsutsumi H, Hara K, Mizuno N, et al: Clinical 
impact of preoperative endoscopic ultra-
sound-guided fine-needle aspiration for pan-
creatic ductal adenocarcinoma. Endosc Ul-
trasound 2016;   5:   94–100. 

 12 Ngamruengphong S, Swanson KM, Shah ND, 
et al: Preoperative endoscopic ultrasound-
guided fine needle aspiration does not impair 
survival of patients with resected pancreatic 
cancer. Gut 2015;   64:   1105–1110. 

 13 Levy MJ, Gleeson FC, Campion MB, et al: Pro-
spective cytological assessment of gastrointes-
tinal luminal fluid acquired during EUS: a po-
tential source of false-positive FNA and needle 
tract seeding. Am J Gastroenterol 2010;   105:  
 1311–1318. 

－879－



 Minaga    et al.
 

Oncology 2017;93(suppl 1):107–112
DOI: 10.1159/000481235

112

 14 Hirooka Y, Goto H, Itoh A, et al: Case of in-
traductal papillary mucinous tumor in which 
endosonography-guided fine-needle aspira-
tion biopsy caused dissemination. J Gastroen-
terol Hepatol 2003;   18:   1323–1324. 

 15 Shah JN, Fraker D, Guerry D, et al: Melanoma 
seeding of an EUS-guided fine needle track. 
Gastrointest Endosc 2004;   59:   923–924. 

 16 Paquin SC, Gariépy G, Lepanto L, et al: A first 
report of tumor seeding because of EUS-guid-
ed FNA of a pancreatic adenocarcinoma. Gas-
trointest Endosc 2005;   61:   610–611. 

 17 Doi S, Yasuda I, Iwashita T, et al: Needle tract 
implantation on the esophageal wall after 
EUS-guided FNA of metastatic mediastinal 
lymphadenopathy. Gastrointest Endosc 2008;  
 67:   988–990. 

 18 Ahmed K, Sussman JJ, Wang J, et al: A case of 
EUS-guided FNA-related pancreatic cancer 
metastasis to the stomach. Gastrointest En-
dosc 2011;   74:   231–233. 

 19 Chong A, Venugopal K, Segarajasingam D, et 
al: Tumor seeding after EUS-guided FNA of 
pancreatic tail neoplasia. Gastrointest Endosc 
2011;   74:   933–935. 

 20 Katanuma A, Maguchi H, Hashigo S, et al: 
Tumor seeding after endoscopic ultrasound-
guided fine-needle aspiration of cancer in the 
body of the pancreas. Endoscopy 2012;  
 44(suppl 2):E160–E161. 

 21 Anderson B, Singh J, Jafri SF, et al: Tumor 
seeding following endoscopic ultrasonogra-
phy-guided fine-needle aspiration of a celiac 
lymph node. Dig Endosc 2013;   25:   344–345. 

 22 Sakurada A, Hayashi T, Ono M, et al: A case 
of curatively resected gastric wall implanta-
tion of pancreatic cancer caused by endoscop-
ic ultrasound-guided fine-needle aspiration. 
Endoscopy 2015;   47(suppl 1):E198–E199. 

 23 Minaga K, Kitano M, Yamashita Y: Surgically 
resected needle tract seeding following endo-
scopic ultrasound-guided fine-needle aspira-
tion in pancreatic cancer. J Hepatobiliary 
Pancreat Sci 2015;   22:   708–709. 

 24 Tomonari A, Katanuma A, Matsumori T, et 
al: Resected tumor seeding in stomach wall 
due to endoscopic ultrasonography-guided 
fine needle aspiration of pancreatic adenocar-
cinoma. World J Gastroenterol 2015;   21:  
 8458–8461. 

 25 Kita E, Yamaguchi T, Sudo K: A case of needle 
tract seeding after EUS-guided FNA in pan-
creatic cancer, detected by serial positron 
emission tomography/CT. Gastrointest En-
dosc 2016;   84:   869–870. 

 26 Yamabe A, Irisawa A, Shibukawa G, et al: Rare 
condition of needle tract seeding after EUS-
guided FNA for intraductal papillary muci-
nous carcinoma. Endosc Int Open 2016;   4:
E756–E758. 

 27 Minaga K, Kitano M, Enoki E, et al: Needle-
tract seeding on the proximal gastric wall after 
EUS-guided fine-needle aspiration of a pan-
creatic mass. Am J Gastroenterol 2016;   111:  
 1515. 

 28 Iida T, Adachi T, Ohe Y, et al: Re-recurrence 
after distal gastrectomy for recurrence caused 
by needle tract seeding during endoscopic ul-
trasound-guided fine-needle aspiration of a 
pancreatic adenocarcinoma. Endoscopy 
2016;   48(suppl 1):E304–E305. 

 29 Goel A, Hon KCA, Chong A: Needle tract 
tumor seeding following endoscopic ultra-
sound-guided fine needle aspiration of meta-
static squamous cell carcinoma. Clin Gastro-
enterol Hepatol 2017, DOI 10.1016/j.cgh.2017.
04.024. 

  

－880－



E-Mail karger@karger.com

 Liver Cancer – Clinical Study 

 Oncology 2017;93(suppl 1):113–119 
 DOI: 10.1159/000481241 

 Hand-Foot Syndrome and Post-Progression 
Treatment Are the Good Predictors of Better 
Survival in Advanced Hepatocellular Carcinoma 
Treated with Sorafenib: A Multicenter Study 

 Chikara Ogawa    a, f     Masahiro Morita    a     Akina Omura    a     Teruyo Noda    a     

Atsushi Kubo    a     Toshihiro Matsunaka    a     Hiroyuki Tamaki    a     

Mitsushige Shibatoge    a     Akemi Tsutsui    b     Tomonori Senoh    b     Takuya Nagano    b     

Kouichi Takaguchi    b     Joji Tani    c     Asahiro Morishita    c     Hirohito Yoneyama    c     

Tsutomu Masaki    c     Akio Moriya    d     Masaharu Ando    d     Akihiro Deguchi    e     

Yasutaka Kokudo    e     Yasunori Minami    f     Kazuomi Ueshima    f     Toshiharu Sakurai    f     

Naoshi Nishida    f     Masatoshi Kudo    f   

  a    Department of Gastroenterology and Hepatology, Takamatsu Red Cross Hospital, and  b    Department of 
Hepatology, Kagawa Prefectural Central Hospital,  Takamatsu ,  c    Department of Gastroenterology and Neurology, 
Faculty of Medicine, Kagawa University,  Miki ,  d    Department of Gastroenterology, Mitoyo General Hospital,  Kan-onji , 
 e    Department of Gastroenterology, Kagawa Rosai Hospital,  Marugame , and  f    Department of Gastroenterology and 
Hepatology, Kindai University Faculty of Medicine,  Osaka-Sayama , Japan

 

87.3–170.7) and the median overall survival (OS) was 392 
days (95% CI: 316.0–468.0). The OS of the patients with Child-
Pugh class A HCC was significantly better than that of the 
patients with Child-Pugh class B HCC ( p  < 0.0001). The sur-
vival curves for Child-Pugh class A-5 points and class A-6 
points were significantly different, with that for class A-5 
points being better ( p  < 0.0001). A significant difference was 
observed between the patients who exhibited HFS and those 
who did not, with the former exhibiting a better survival rate 
( p  < 0.001). In addition, the survival rate of the patients who 
received post-progression treatment after sorafenib therapy 
was significantly better than that of the patients who did not 
( p  < 0.001).  Conclusion:  In sorafenib therapy, patients with 
HFS and those who received post-progression treatment ex-
hibited good OS.  © 2017 S. Karger AG, Basel 
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 Introduction 

 Hepatocellular carcinoma (HCC) is the second lead-
ing cause of cancer mortality in the world  [1] . Sorafenib 
is an agent that has improved the time to progression and 
overall survival (OS) in advanced stages of HCC with vas-
cular invasion and/or extrahepatic spread  [2] . Sorafenib 
has been administered in accordance with the consensus-
based treatment algorithm for HCC proposed by the Ja-
pan Society of Hepatology  [3–6] . According to this algo-
rithm, sorafenib is indicated for patients diagnosed with 
Child-Pugh class A HCC with extrahepatic spread or vas-
cular invasion. Sorafenib is also recommended for pa-
tients with Child-Pugh class A HCC where transcatheter 
arterial chemoembolization (TACE)  [7–11]  and hepatic 
arterial infusion chemotherapy  [12, 13]  are not indicated. 
In the present study, we examined the efficacy of sorafenib 
treatment and the clinical outcome in 314 patients at 5 
general hospitals in Kagawa Prefecture, Japan.

  Subjects and Methods 

 Patients 
 Between June 2009 and January 2016, 314 patients with ad-

vanced HCC were treated with sorafenib at 5 general hospitals in 
Kagawa Prefecture, Japan. The diagnosis of HCC was made based 
on histological or radiological findings using contrast-enhanced 

computed tomography and/or dynamic magnetic resonance im-
aging  [14, 15] . The responses of all patients were evaluated using 
the modified Response Evaluation Criteria in Solid Tumors 
(mRECIST)  [16] .

  Statistical Analyses 
 Univariate analysis was used to identify predictors of survival 

using the Kaplan-Meier method, and comparisons were per-
formed using the log-rank test. A  p  value of <0.05 was considered 
statistically significant. All analyses were performed using SPSS 
version 22.0 for Windows (IBM, Armonk, NY, USA).

  Results 

 Baseline Characteristics 
 The study included 254 men and 60 women. Their 

mean age was 72.5 ± 9.46 years (range: 38–91), their mean 
height was 160.4 ± 9.12 cm (range: 125.7–179.0), and 
their mean weight was 58.6 ± 11.9 kg (range: 27–101.9). 
There were 43 patients with hepatitis B virus infection, 
175 patients with hepatitis C virus infection, and 96 pa-
tients with other forms of liver disease. In 57 patients, 
HCC had been newly diagnosed, whereas in 257 patients 
it had recurred. There were 295 patients with a history of 
treatment for HCC and 19 patients with no such history. 
The mean initial sorafenib dose was 391.7 ± 159 mg/day 
(range: 200–800).
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  Fig. 1.  Kaplan-Meier curves of time to progression (TTP) and overall survival (OS) of patients with sorafenib 
treatment. MST, median survival time; mRECIST, modified Response Evaluation Criteria in Solid Tumors. 
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  The Child-Pugh class and score at the initiation of 
sorafenib therapy was A-5 points in 129 patients, A-6 
points in 111 patients, B-7 points in 48 patients, and B-8 
points or higher in 26 patients. Sorafenib therapy was ini-
tiated in stage I in 6 patients, stage II in 51 patients, stage 
III in 85 patients, stage IVa in 58 patients, and stage IVb 
in 114 patients. The mean observation period in the pres-
ent study was 223 ± 277 days (range: 2–1,665). The indi-
cations for starting sorafenib were distal metastasis in 
39.8% of the patients, unresponsiveness to TACE in 
39.5%, inability to perform TACE in 8.9%, severe vascular 
invasion in 10.8%, and other reasons in 1.0%. The lung 
was the site of distant metastasis in 54 patients, the bone 
in 39 patients, lymph nodes in 36 patients, the adrenal 
glands in 14 patients, and the peritoneal cavity in 13 pa-
tients (some patients had metastases to multiple sites).

  OS and Radiological Evaluation 
 The results of sorafenib therapy were a time to pro-

gression of 129 ± 21.3 days (95% CI: 87.3–170.7) and a 
median OS (median survival time [MST]) of 392 ± 38.8 
days (95% CI: 316.0–468.0) ( Fig. 1 ). A complete response, 
partial response, stable disease, progressive disease, and 
incomplete evaluation were observed in 10, 25, 113, 147, 
and 19 patients, respectively. The overall response rate 
was 11.1%, and the tumor control rate was 47.4%. An ini-
tial sorafenib dose of 200 mg was administered to 77 pa-
tients, 400 mg to 202 patients (the most common dose), 
600 mg to 6 patients, and 800 mg to 29 patients. The mean 
duration of sorafenib administration was 223.6 days, and 
the mean durations for the 200-, 400-, 600-, and 800-mg 
doses were 212.6, 242.2, 155, and 136.8 days, respectively. 

Disparities between institutions regarding the initial 
sorafenib dose were observed. The survival rate with a 
400-mg initial dose was significantly higher than that 
with an 800-mg initial dose ( Fig. 2 ).

  A significant difference in patient characteristics ac-
cording to Child-Pugh class was only observed for age 
(<70 years,  ≥ 70 years;  p  = 0.014); no significant differ-
ences were observed for the other variables ( Table 1 ). Re-

 Table 1.  Patient characteristics by Child-Pugh class

Child-Pugh class A
(n = 181)

Child-Pugh class B
(n = 55)

p

Sex (male/female) 196/44 58/16 ns
Age (<70/≥70 years) 82/158 37/37 0.014
Height (<160/≥160 cm) 94/140 29/45 ns
Weight (<60/≥60 kg) 140/94 43/31 ns
Background (HBV/HCV/other) 33/130/77 10/45/19 ns
Initial manifestation/recurrence 39/201 18/56 ns
Tumors (<4/≥5) 114/115 29/45 ns
AFP (<200/≥200 ng/mL) 128/108 34/37 ns
DCP (<400/≥400 mAU/mL) 110/125 24/44 ns
AFP-L3 (<10/≥10%) 39/87 8/25 ns
Stage (III or lower/IVa/IVb) 106/40/94 36/18/20 ns

AFP, α-fetoprotein; DCP, des-gamma-carboxyprothrombin.

1.0

0.8

0.6

0.4

0.2

0

0 500 1,000 1,500 2,000 2,500

Su
rv

iv
al

 ra
te

Time after treatment, days

MST 409 days 406 days 163 days

p = 0.051

200 mg (n = 77)

400 mg (n = 202)
800 mg (n = 29)

200 mg 400 mg 800 mg

  Fig. 2.  Kaplan-Meier curves of overall survival (median survival 
time [MST]) of the patients in the standard-dose group, the half-
dose group, and the quarter-dose group (by initial dose). 
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garding survival rate, a significant difference was ob-
served between Child-Pugh class A and class B, with the 
former being better ( p  < 0.0001). Further, OS was signifi-
cantly different between Child-Pugh class A-5 points and 
class A-6 points, with class A-5 points being better ( p  = 
0.02); however, OS was not significantly different be-
tween Child-Pugh class A-6 points and class B ( p  = 0.069). 
The best OS was observed when treatment was initiated 
at Child-Pugh class A-5 points ( Fig. 3 ).

  Next, we examined the onset of hand-foot syndrome 
(HFS), which is an adverse effect of sorafenib. During the 
observation period, HFS was observed in 118 patients 
(37.6%), with the mean number of days until onset being 
29.6 ± 33.8 (range: 1–227). By grade, adverse effects were 
observed in 43 patients with grade I HCC (14.0%), 42 pa-
tients with grade II HCC (13.8%), and 24 patients with 
grade III HCC (7.9%). The number of days until onset of 
HFS was less than 1 month from initiation of sorafenib 
therapy for 65.3% of the patients who exhibited HFS. Re-
garding differences in OS based on the presence or ab-
sence of HFS, the MST of the patients with HFS was 487 
days, while that of the patients without HFS was 292 days; 
this difference was statistically significant ( p  = 0.001) 
( Fig. 4 ). The MSTs of the patients who underwent post-
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  Fig. 3.  Survival curves by Child-Pugh class and score at the start of 
therapy.  a  Kaplan-Meier curves of overall survival (median sur-
vival time [MST]) of the patients with Child-Pugh class A and 
Child-Pugh class B hepatocellular carcinoma (HCC). There was a 
significant difference between class A and class B.  b  Kaplan-Meier 
curves of overall survival (MST) of the patients with Child-Pugh 

class A-5 points and Child-Pugh class A-6 points. There was a sig-
nificant difference between class A-5 points and class A-6 points. 
Child-Pugh class B HCC had worse results than class A HCC, but 
the results for class A-6 points were close to those for class B (no 
significant difference between class A-6 points and class B). 

  Fig. 4.  Kaplan-Meier curves of overall survival (median survival 
time [MST]) of the patients with a hand-foot syndrome (HFS) side 
effect and those without an HFS side effect. Overall survival was 
significantly longer among the patients who exhibited HFS as a 
side effect.     
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progression treatment after sorafenib therapy and of 
those who did not were 456 and 233 days, respectively, 
with those who underwent post-progression treatment 
exhibiting a better OS ( p  < 0.001) ( Fig. 5 ).

  Discussion 

 Sorafenib is a multitargeted tyrosine kinase inhibitor 
that suppresses tumor proliferation and angiogenesis. 
This agent carries a mild-to-moderate toxicity profile and 
exhibits antitumor activity against various solid tumors 
 [17] . It was the first systemic agent that was proven to 
prolong the survival of patients with advanced HCC in 
two phase III trials  [2, 18] , and it is now the standard of 
care for systemically treated patients  [5, 19–22] . The ini-
tial sorafenib dose recommended in the Sorafenib Hepa-
tocellular Carcinoma Assessment Randomized Protocol 
(SHARP) trial and the Asia-Pacific trial was 800 mg/day, 
but since sorafenib came into clinical use, there have been 
reports of lower initial doses. A large trial conducted 
among Japanese people, who have a smaller body surface 
area than Europeans and Americans, reported little dif-

ference between starting at 400 and 800 mg/day. In the 
roughly 7 years since sorafenib was approved in Japan, 
several studies have reported using other initial doses be-
sides 800 mg.

  Some have also reported administering sorafenib to 
patients other than those with Child-Pugh class A disease 
 [23, 24] . In addition, better therapeutic results have been 
reported in patients who exhibited HFS, compared to 
those who did not  [25, 26] . In the present study, in which 
we examined the outcomes of sorafenib administration in 
314 patients at 5 general hospitals in Kagawa Prefecture, 
Japan, the results of the present study also showed com-
parable results.

  In the present study, only about 10% of the patients 
started at an initial dose of 800 mg, but their median OS 
was 392 days, which is better than the results of the 
SHARP and Asia-Pacific trials. Regarding liver function 
at the start of treatment, about one-fourth of the patients 
had Child-Pugh class B disease. The good OS results 
achieved even against a background of poor liver func-
tion are thought to have been largely because administra-
tion had started at an optimal stage for some patients and 
because of the benefits of post-progression treatment af-
ter sorafenib therapy, as the importance of post-progres-
sion treatment after sorafenib has already been reported 
 [27] .

  Moreover, methods of preventing and treating HFS 
have been established since sorafenib came into clinical 
use, so the results were likely less affected by dropouts due 
to HFS compared to when the drug was first approved. 
Previously, patients who exhibited HFS had better results 
than those who did not; a similar trend was observed in 
the present study.

  Regarding liver function at the start of therapy, in the 
GIDEON (Global Investigation of Therapeutic Deci-
sions in Hepatocellular Carcinoma and of Its Treatment 
with Sorafenib) trial the group of Child-Pugh class A pa-
tients had better OS than the group that started at Child-
Pugh class B  [28] ; this was also observed in the present 
study. In the present study, even among the Child-Pugh 
class A patients, the group that started at class A-5 points 
had a significantly better OS than the group that started 
at class A-6 points; however, the OS of the group that 
started at class A-6 points was not significantly different 
from that of the Child-Pugh class B group. This suggests 
that among Child-Pugh class A patients, starting sora-
fenib when liver functions are well preserved, such as at 
class A-5 points, is preferable. The positive results ob-
served in the present study for patients who underwent 
post-progression treatment such as TACE, hepatic arte-
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  Fig. 5.  Kaplan-Meier curves of overall survival (median survival 
time [MST]) of the patients who received post-treatment after 
sorafenib therapy and those who did not. Overall survival was sig-
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rial infusion chemotherapy, or ablation  [29–32]  after 
sorafenib therapy also indicate that initiating therapy 
when liver function is well preserved (Child-Pugh class 
A-5 points) is beneficial.

  Conclusion 

 The best results were observed when therapy was initi-
ated at Child-Pugh class A-5 points, which indicates that 
it is preferable to start sorafenib at the time when liver 
function is still well preserved. Starting sorafenib at a re-
duced dose in Japanese patients is also thought to lead to 

a better OS. Among the patients who exhibited HFS, 
those who were able to receive post-progression treat-
ment after sorafenib therapy had good OS, which sug-
gests that addressing this side effect is important for pre-
serving the remaining hepatic reserve. The recent success 
of new systemic therapy agents  [33, 34]  and immunother-
apies  [35]  will be expected to further improve survival 
among patients with advanced HCC.
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male/female ratio = 149/43, Child-Pugh score 5/6/7 = 
106/56/30, albumin-bilirubin (ALBI) grade 1/2 = 64/128, Kin-
ki criteria B1/B2 = 64/128] were enrolled. TTTP was defined 
based on a previous report and first imaging performed 3 
months after initial TACE had been used to obtain baseline 
images. The patients were divided into three groups accord-
ing to TTTP (<5, 5–10, and  ≥ 10 months; group I, II, and III, 
respectively). We evaluated the relationship between TTTP 
and overall survival (OS) as well as the prognostic factors for 
death.  Results:  The median number of TACE procedures 
was 4 (interquartile range 3–7). There was a moderate cor-
relation between TTTP and OS ( r  = 0.527, 95% CI 0.416–
0.622,  p  < 0.001). The median survival for group I ( n  = 78), II 
( n  = 49), and III ( n  = 65) was 24.6, 34.7, and 49.5 months, re-
spectively (group I vs. group II,  p  = 0.023; group I vs. group 
III,  p  < 0.001; group II vs. group III,  p  = 0.037; Holm’s method). 
ALBI grade 2 (HR 1.548, 95% CI 1.004–2.388,  p  = 0.048), al-

 Keywords 
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  Background/Aim:  Determination of failure of transarterial 
chemoembolization (TACE) for treatment of Barcelona Clin-
ic Liver Cancer stage B (BCLC-B) hepatocellular carcinoma 
(HCC) has become important because of the development 
of tyrosine kinase inhibitor (TKI) treatment. We evaluated 
the usefulness and efficacy of the newly proposed time to 
TACE progression (TTTP).  Patients and Methods:  From 2006 
to 2016, 192 BCLC-B HCC patients [median age 72 years, 
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pha-fetoprotein (>100 ng/mL) (HR 1.540, 95% CI 1.035–
2.291, p = 0.033), and TTTP (<5 months) (HR 2.157, 95% CI 
1.447–3.215,  p  < 0.001) were significant prognostic factors 
for death in multivariate Cox hazard analysis.  Conclusion:  In 
patients with reduced TTTP, especially <5 months, it might 
be difficult to improve prognosis with a repeated TACE pro-
cedures. In such cases, reconsideration of the therapeutic 
strategy might be needed when possible. 

 © 2017 S. Karger AG, Basel 

 Introduction 

 Hepatocellular carcinoma (HCC) is the fifth most 
common type of malignant tumor  [1]  and the third lead-
ing cause of cancer death throughout the world  [2] , 
though progress in the methods used for hepatic resec-
tion  [3–6]  and radiofrequency ablation  [7–14]  as curative 
treatments has improved the prognosis of affected pa-
tients. However, it is well known that recurrence of HCC 
frequently occurs following curative treatment. Transar-
terial chemoembolization (TACE)  [15–19]  has been de-
veloped as a palliative treatment for unresectable HCC in 
patients with or without a past history of treatments, es-
pecially for those in Barcelona Clinic Liver Cancer stage 
B (BCLC-B) (intermediate), and reported to be effective 
for improving patient prognosis.

  Recently, systemic therapies with tyrosine kinase in-
hibitor (TKI) have been developed as treatments for un-
resectable HCC  [20–26] . With recognition of the thera-
peutic effectiveness of TKI against HCC, the notion of 
TACE-refractory status has been proposed as an indica-
tion for switching from TACE to TKI  [27] , and Ogasa-
wara et al.  [28]  and Arizumi et al.  [19]  reported the clini-
cal importance of switching to sorafenib for intermedi-
ate-stage HCC patients to improve their prognosis.

  The importance of determining TACE-refractory 
status and predicting progression in patients who have 
undergone repeated TACE procedures has increased, and 
as a new criterion for predicting poor prognosis, time to 
TACE progression (TTTP) has been proposed recently 
 [29] . It has been shown that TTTP has a moderate corre-
lation with overall survival (OS) after progression in pa-
tients with stage BCLC-B HCC who have been treated 
with TACE.

  In the present study, we examined the usefulness of 
TTTP for predicting the prognosis in HCC patients with 
BCLC-B and good hepatic function (Child-Pugh score 
 ≤ 7) who underwent repeated TACE procedures.

  Patients and Methods 

 Patients 
 From 2006 to 2016, 205 patients with Kinki criteria B1 or B2 

substage HCC  [30]  were treated with TACE. After excluding 13 
patients because of lack of follow-up imaging data for evaluation 
of TTTP, 192 were enrolled in this study.

  Diagnosis and Treatment of HCC 
 HCC was diagnosed based on an increasing course of alpha-

fetoprotein (AFP) as well as dynamic CT  [31] , MRI  [32] , contrast-
enhanced US with perfluorobutane (Sonazoid ® ; Daiichi Sankyo 
Co., Ltd., Tokyo, Japan)  [33, 34] , and/or pathological findings. 
Tumor node metastasis (TNM) stage was determined using the 
criteria reported in studies for staging of HCC conducted by the 
Liver Cancer Study Group of Japan (LCSGJ, 6th edition)  [35] . 
Prior to 2005, all enrolled patients were treated based on the HCC 
strategy developed by Ehime Prefecture Hospital. For those be-
yond the Milan criteria  [36] , surgical resection, if possible, was 
selected, while TACE was performed when surgical resection 
could not be performed  [8] . Since 2005, all treatments were per-
formed following the Japanese practical guidelines for HCC  [37]  
whenever possible after obtaining written informed consent from 
each patient.

  Kinki Criteria for Substaging of BCLC-B HCC 
 Using the reported Kinki criteria  [30] , patients were classified 

according to Child-Pugh score (5–7 or 8–9 points) and tumor bur-
den (Milan criteria  [36] , up-to-seven criteria  [38] ). Staging for pa-
tients with a Child-Pugh score of 5–7 and within the up-to-seven 
criteria was B1, for those with a Child-Pugh score of 5–7 and be-
yond the up-to-seven criteria B2, and for those with a Child-Pugh 
score of 8–9 and any tumor status B3  [39] .

  TACE Procedure 
 All nodules treated with TACE were shown to be hypervascu-

lar. Two experienced radiologists (Y.I., T.M.) and a hepatologist 
(A.H.) performed the TACE procedures, for which a microcath-
eter was inserted into the artery feeding the tumor in a manner 
as superselective as possible following conventional hepatic an-
giography, after which a segmental or subsegmental TACE pro-
cedure was performed. Prior to the procedure, antegrade flow in 
the portal vein and absence of obstruction of the main trunk of 
the portal vein were confirmed by US, dynamic CT, and portog-
raphy findings obtained via the superior mesenteric artery. Epi-
rubicin hydrochloride (Farmorubicin ® ; Pfizer Japan Inc., Tokyo, 
Japan), before January 2010, or miriplatin hydrate (MIRIPLA ® ; 
Sumitomo Dainippon Pharma Co., Ltd., Osaka, Japan), after 
February 2010, was injected together with Lipiodol in all cases, 
after which a gelatin sponge cut into small fragments (Gelfoam ® ; 
Upjohn, Kalamazoo, MI, USA), before August 2006, or small gel-
atin sponge fragments (Gelpart ® ; Nippon Kayaku Co., Ltd., To-
kyo, Japan), after September 2006, were used for embolization. 
The goal of embolization was disappearance of tumor staining 
without complete obstruction of the hepatic artery. Three months 
after TACE, dynamic CT and/or EOB-MRI were performed. 
When intrahepatic recurrence was confirmed, the TACE proce-
dure was repeated.
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  Time to TACE Progression 
 TTTP was defined based on findings previously reported  [29] . 

For baseline imaging, the results of dynamic CT or EOB-MRI per-
formed 3 months after the initial TACE were used, then findings 
from dynamic CT or EOB-MRI obtained 3 months after TACE 
were utilized for comparison to the baseline images. To assess the 
target lesions, the five largest tumors shown in the images were 
selected from intrahepatic lesions for calculating the total maxi-
mum diameter (two-dimensional measurement) of each viable le-
sion. When the total maximum diameter as compared to that seen 
in the baseline images was  ≥ 1.2 times larger, progression was de-
termined.

  When complete response was noted in the first imaging, the 
date of confirmed recurrence of HCC was defined as the date of 
progression, while the appearance of vascular invasion or extrahe-
patic spreading was also regarded as progression. Patients were 
divided into three groups based on TTTP (<5 months [group I], 
5–10 months [group II], and  ≥ 10 months [group III]), then OS 
after progression was evaluated.

  Written informed consent was obtained from all patients prior 
to treatment. The study protocol was in compliance with the Hel-
sinki Declaration and approved by the Institutional Ethics Com-
mittee of Ehime Prefectural Central Hospital (No. 29–36).

  Statistical Analysis 
 Statistical analyses were performed using the Kaplan-Meier 

method with log-rank test, and Pearson correlation test, Student  t  
test, Welch test, Mann-Whitney test, χ 2  test, or Fisher exact test, as 
appropriate. Multiple comparisons were analyzed using Holm’s 
method. Statistical significance was defined as  p  < 0.05. Statistical 
analyses were performed using EZR, a graphical user interface for 
R, version 1.32 (The R Foundation for Statistical Computing, Vi-
enna, Austria).

  Results 

 The clinical background information is shown in  Ta-
ble  1 . The median number of TACE procedures was 4 
(interquartile range 3–7). There was a modest correlation 
between TTTP and OS ( r  = 0.527, 95% CI 0.416–0.622, 
 p  < 0.001) ( Fig. 1 ).

  The OS rate for each group based on TTTP was ana-
lyzed. Stratification ability using survival curves for each 
of those groups was good, with significant differences be-
tween them observed. The median survival time for group 
I ( n  = 78) was 24.6 months, while that of group II ( n  = 49) 

 Table 1.  Clinical characteristics of 192 patients with BCLC-B hepa-
tocellular carcinoma

Age, years 72 (64–77)
Gender (male/female) 149/43
Etiology (HCV/HBV/HBV+HCV/

alcohol/others) 149/5/1/11/26
Aspartate aminotransferase, IU/L 52 (35–79)
Alanine aminotransferase, IU/L 39 (25–65)
Platelets, ×104 cells/μL 10.8 (7.2–15.0)
Total bilirubin, mg/dL 0.8 (0.6–1.0)
Albumin, g/dL 3.8 (3.4–4.0)
Prothrombin time, % 81.5 (73.9–91.0)
Child-Pugh class (5/6/7) 106/56/30
ALBI grade (1/2) 64/128
Alpha-fetoprotein, ng/mL 30.1 (9.1–160.325)
Fucosylated alpha-fetoprotein, % 4.95 (0.5–22.5)
PIVKA-II, mAU/mL 85 (29–594.5)
Maximum tumor size, cm 1.9 (1.2–3.4)
Tumor number (single/multiple) 2/190
TNM stage of LCSGJ (II/III) 104/88
Kinki criteria (B1/B2) 64/128
Naïve/recurrence 52/140
TTTP (<5/5–10/≥10 months) 78/49/65

 Values are presented as n or median (interquartile range). 
ALBI, albumin-bilirubin; BCLC-B, Barcelona Clinic Liver Cancer 
stage B; HBV, hepatitis B virus; HCV, hepatitis C virus; LCSGJ, 
Liver Cancer Study Group of Japan 6th edition; PIVKA-II, protein 
induced by vitamin K absence or antagonist-II; TNM, tumor node 
metastasis; TTTP, time to transarterial chemoembolization pro-
gression.
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  Fig. 1.  Correlation between time to transarterial chemoemboliza-
tion progression (TTTP) and overall survival (OS) after introduc-
ing transarterial chemoembolization (TACE). There was a moder-
ate correlation between TTTP and OS after introducing TACE as 
treatment for Barcelona Clinic Liver Cancer stage B hepatocellular 
carcinoma patients ( r  = 0.527, 95% CI 0.416–0.622,  p  < 0.001). 
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was 34.7 months and that of group III ( n  = 65) 49.5 
months (group I vs. group II,  p  = 0.023; group I vs. group 
III,  p  < 0.001; group II vs. group III,  p  = 0.037, respective-
ly; Holm’s method) ( Fig. 2 ).

  In univariate Cox hazard analysis, aspartate amino-
transferase (>40 IU/L), albumin-bilirubin (ALBI) grade 
2, AFP (>100 ng/mL), protein induced by vitamin K ab-
sence or antagonist-II (PIVKA-II) (>100 mAU/mL), 
TNM stage III, and TTTP (<5 months) were significant 
prognostic factors for death after TACE introduction for 
BCLC-B HCC. Multivariate analysis showed that ALBI 
grade 2 (HR 1.548, 95% CI 1.004–2.388,  p  = 0.048), AFP 
(>100 ng/mL) (HR 1.540, 95% CI 1.035–2.291,  p  = 0.033), 
and TTTP (<5 months) (HR 2.157, 95% CI 1.447–3.215, 
 p  < 0.001) were significant prognostic factors ( Table 2 ).

  In a comparison between Kinki criteria B1 ( n  = 64) and 
B2 ( n  = 128) cases, Child-Pugh score/classification was 
not significantly different ( p  = 0.818), while the frequency 
of TNM stage III was greater in the B2 subgroup ( p  = 
0.001) (data not shown). Although the survival curve for 
the B1 cases was superior to that of the B2 cases, no sig-
nificant difference was seen (median survival time: B1 vs. 
B2 = 44.1 vs. 34.1 months,  p  = 0.161). Furthermore, no 
significant difference was observed between B1 and B2 
with regard to TTTP (median TTTP: B1 vs. B2 = 7.2 vs. 
6.8,  p  = 0.899).

 Table 2. Cox hazard analysis of prognostic factors for death after introduction of transarterial chemoembolization

 Univariate Multivariate

H R 95% CI p value HR 95% CI p value

Age (≥65 years) 1.139 0.754–1.72 0.573 – – –
Gender (female) 1.425 0.935–2.171 0.100 – – –
Positive for hepatitis C virus 1.184 0.758–1.851 0.458 – – –
Aspartate aminotransferase (>40 IU/L) 1.636 1.104–2.423 0.014 1.459 0.964–2.207 0.074
Alanine aminotransferase (>40 IU/L) 1.233 0.867–1.753 0.244 – – –
Platelets (>10×104 cells/μL) 0.711 0.500–1.023 0.059 – – –
Child-Pugh B (7) 1.386 0.864–2.222 0.176 – – –
Albumin-bilirubin (grade 2) 1.887 1.265–2.814 0.002 1.548 1.004–2.388 0.048
Alpha-fetoprotein (>100 ng/mL) 1.554 1.506–2.285 0.025 1.540 1.035–2.291 0.033
Fucosylated alpha-fetoprotein (>10%) 1.357 0.938–1.963 0.105 – – –
PIVKA-II (>100 mAU/mL) 1.488 1.041–2.127 0.029 1.180 0.789–1.764 0.421
Maximum tumor diameter (>5 cm) 1.347 0.740–2.452 0.330 – – –
TNM stage III of LCSGJ 1.498 1.053–2.132 0.025 1.084 0.735–1.600 0.682
Kinki criteria B2 1.308 0.895–1.911 0.165 – – –
Recurrence of hepatocellular carcinoma 1.024 0.678–1.546 0.910 – – –
TTTP (<5 months) 2.514 1.731–3.650 <0.001 2.157 1.447–3.215 <0.001

LCSGJ, Liver Cancer Study Group of Japan 6th edition; PIVKA-II, protein induced by vitamin K absence or antagonist-II; TNM, 
tumor node metastasis; TTTP, time to transarterial chemoembolization progression.

p = 9.57 × 10–7

Group I
Group II
Group III

Time, months
Number at risk

Group I: TTTP <5 months
Group II: TTTP 5–10 months

0

0.2

0.4

0.6

0.8

1.0

0 20 40 60 80 100 120

78 37 9 2 0 0 0
49 37 14 5 2 1 1
65 53 32 9 4 1 0

O
S 

ra
te

  Fig. 2.  Overall survival (OS) rates in each group based on time to 
transarterial chemoembolization progression (TTTP) grouping. 
Significant differences were observed among the OS rate values for 
all groups. The median survival time for group I ( n  = 78, TTTP <5 
months) was 24.6 months, for group II ( n  = 49, TTTP 5–10 months) 
34.7 months, and for group III ( n  = 65, TTTP  ≥ 10 months) 49.5 
months (group I vs. group II,  p  = 0.023; group I vs. group III,  p  < 
0.001; group II vs. group III,  p  = 0.037, respectively; Holm’s method). 
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  Discussion 

 TACE-refractory status has been proposed in studies 
conducted in both Western and Asian countries  [27, 40, 
41] . Switching to TKI is considered important for im-
provement of prognosis in patients with BCLC-B HCC 
who are confirmed to be TACE refractory  [19, 28] . The 
usefulness of sorafenib for advanced HCC was demon-
strated in the SHARP  [20]  and Asia-Pacific  [42]  trials. 
Moreover, regorafenib has been proposed for use as a 
second-line agent in cases receiving sorafenib therapy 
 [21] , while the effectiveness of lenvatinib as another 
first-line TKI agent for unresectable HCC has recently 
been reported  [22, 23] . In the future, determination of 
TACE-refractory status will increase in importance 
along with the introduction of therapeutic options for 
improvement of prognosis in HCC patients because of 
the increasing number of effective TKI treatments pres-
ently under development.

  TTTP has been proposed as a new factor for deter-
mining progression in patients undergoing repeated 
TACE treatments. From the viewpoint of therapeutic re-
sponse to TACE, TTTP showed a moderate correlation 
to OS after introduction of TACE, and OS was reduced 
in the patients with shorter TTTP (group I) as compared 
to the others. These results were similar to those of the 
previous report that originally proposed TTTP  [29] .

  In addition, maintained hepatic function is impor-
tant for improving the prognosis of BCLC-B HCC pa-
tients, except for therapeutic response to repeated TACE 
procedures. In our previous study, hepatic function 
worsened with repeated TACE procedures  [43] , as de-
termined with the use of the newly proposed ALBI score 
 [44–46] . Some reports have noted the usefulness of 
ALBI grade for patients undergoing sorafenib treatment 
and for subclassification of BCLC-B HCC  [47–49] . In 
fact, ALBI grade 2, but not Child-Pugh class B (score 7), 
was shown to be an independent risk factor for death by 
Cox hazard analysis findings in the present study. Since 
TKI therapy is recommended for patients with good he-
patic function, it is important to keep in mind that non-
effective TACE can also harm hepatic function, thus 
possibly reducing the opportunity for TKI treatment in 
the future.

  Although the OS of the Kinki criteria B1 subgroup 
was not superior to that of the B2 subgroup in our study, 
previous reports with larger cohorts of patients classi-
fied as BCLC-B  [30]  according to the Kinki and Bolondi 
 [49]  criteria, used with Child-Pugh score, or the MICAN 
criteria  [48] , used with ALBI grade, have found that a 

lower subgrade is related to better prognosis. In our re-
sults, TTTP did not show significant differences when 
compared between the Kinki criteria B1 and B2 sub-
groups ( p  = 0.899). The response to TACE might be sim-
ilar for each subgrade of BCLC-B. For BCLC-B HCC 
patients treated with TACE in this multiple TKI era, 
prolonging postprogression survival is thought to be 
necessary for improving OS, thus identification of pa-
tients who easily develop TACE failure or refractory sta-
tus has become important  [50] . TTTP may be suitable 
for determining the optimal timing for switching to TKI 
while avoiding worsened hepatic function.

  Our study has some limitations. First, this was a vali-
dation study based on retrospective analyses. Further-
more, all analyzed patients were treated at the same in-
stitution. Finally, a suitable assessment method for he-
patic function with regard to TKI treatment remains to 
be established. In the future, a prospective study with a 
larger cohort treated at multiple institutions will be 
needed.

  In conclusion, TTTP may be a good surrogate end-
point for use in a TACE combination trial with TKI or 
immunotherapy, because TTTP correlates with OS. In 
patients with reduced TTTP, especially <5 months, it 
might be difficult to improve prognosis by repeated 
TACE procedures. In such cases, reconsideration of the 
therapeutic strategy, including switching treatment 
from TACE to TKI, may be necessary.
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sessment Randomized Protocol (SHARP) and Asia-Pa-
cific studies  [1, 2] . In 2007, sorafenib was approved in the 
EU and USA, where it became a first-line agent for unre-
sectable advanced HCC. Transarterial chemoemboliza-
tion (TACE) is the first-line treatment option for inter-
mediate-stage HCC  [3–6] ; however, repeated TACE ses-
sions tend to impair liver functional reserve. Reducing 
the frequency of TACE, which is generally repeated upon 
tumor progression, is a challenging issue in the treatment 
of patients with intermediate-stage HCC. To address this 
issue, previous trials combined molecular targeted agents 
with TACE; however, the safety and efficacy of this com-
bination could not be demonstrated, and none of the 
combination therapies is currently recommended.

  In the SHARP study, subanalysis showed that the haz-
ard ratio (HR) for overall survival (OS) in patients with 
HCC with no vascular invasion or extrahepatic spread, 
which are regarded as good indications for TACE, was 
0.52 and, thus, extremely good in the sorafenib group. 
The median survival of these patients was extended ap-
proximately 1.5-fold  [7] , suggesting that the addition of 
sorafenib as adjuvant therapy to TACE improves progno-
sis. The combination of TACE with sorafenib does not 
simply represent the administration of 2 types of treat-
ment; the combination is expected to extend the period 
during which TACE controls tumor progression because 
sorafenib strongly suppresses post-TACE tumor recur-

 Keywords 
 Hepatocellular carcinoma · Transarterial 
chemoembolization · Clinical trial · Molecular targeted 
agent · Sorafenib · Brivanib · Orantinib 

 Abstract 
 The multikinase inhibitor sorafenib is the first oral molecular 
targeted agent with proven prognostic benefit in unresect-
able advanced hepatocellular carcinoma (HCC). However, as 
with other drugs, sorafenib has its limitations, and various 
clinical trials have been conducted to develop novel molec-
ular targeted agents for use alone or in combination with 
existing locoregional therapies. Despite this, clinical trials of 
molecular targeted agents combined with transarterial che-
moembolization (TACE) have not reported major treatment 
outcomes to date. In this review, we describe previous clini-
cal trials of combination therapy with TACE and a molecular 
targeted agent in patients with unresectable HCC. 

 © 2017 S. Karger AG, Basel 

 Introduction 

 The survival benefit of sorafenib in unresectable ad-
vanced hepatocellular carcinoma (HCC) was demon-
strated in the Sorafenib Hepatocellular Carcinoma As-
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rence and progression by inhibiting hypoxia-induced an-
giogenesis. In addition, the detrimental effect on liver 
function may be suppressed by reducing the frequency of 
TACE. Sorafenib combined with TACE is expected to im-
prove the survival of patients with intermediate-stage 
HCC, which is the goal of TACE, by extending the time 
to progression (TTP) to the advanced stage while main-
taining liver function  [8] .

  The Post-TACE Study 

 Background 
 TACE is used as a first-line treatment for unresect-

able HCC; however, the procedure is hardly curative in 
clinical practice and needs to be repeated multiple times. 
Repeated TACE may promote the deterioration of liver 
function. Based on the apparent role of angiogenesis 
and the upregulation of vascular endothelial growth 
factor (VEGF) associated with tumor recurrence after 
TACE, a study was designed with the objective of delay-
ing the recurrence of HCC and prolonging OS by ad-
ministering sorafenib after TACE. Sorafenib is an in-
hibitor of several tyrosine kinases involved in the growth 
of tumor cells and angiogenesis, such as Raf, VEGF re-
ceptor, and platelet-derived growth factor (PDGF) re-
ceptor. This placebo-controlled phase III study desig-
nated the Post-TACE study was conducted in Japan and 
Korea  [9] .

  Methods 
 Patients with unresectable HCC and Child-Pugh A 

liver function who had imaging findings of objective 
treatment response (complete response or partial re-
sponse) at 1–3 months after TACE were included. These 
patients were randomly assigned to 2 groups for 
sorafenib or placebo administration. The primary and 
secondary endpoints of the study were TTP and OS, re-
spectively.

  Results 
 A total of 458 patients (387 from Japan and 71 from 

Korea) were registered to the study between April 2006 
and July 2009. These patients were randomized to the 
sorafenib ( n  = 229) or placebo ( n  = 229) arms. The me-
dian TTP, the primary endpoint of the study, was 5.4 
and 3.7 months in the sorafenib and placebo groups, re-
spectively (HR 0.87 [95% CI 0.70–1.09];  p  = 0.252) ( Ta-
ble 1 ). The median OS, the secondary endpoint of the 
study, was 29.7 months in the sorafenib group, whereas 

a median value was not reached in the placebo group 
(HR 1.06 [95% CI 0.69–1.64];  p  = 0.790). A subanalysis 
in Japanese patients showed that the median TTP was 
3.9 and 3.7 months in the sorafenib and placebo arms, 
respectively, with a HR of 0.94 and no significant inter-
group difference. In Korean patients, however, the HR 
was 0.38 and TTP was clearly longer in the sorafenib 
group.

  Possible Reasons for Failure 
 In this study, the primary endpoint TTP did not differ 

significantly between the groups. One possible reason for 
this is the timing of sorafenib administration. TACE pro-
motes the production of VEGF by triggering ischemic 
conditions. Therefore, for sorafenib to produce the ex-
pected effects, it may be necessary to inhibit angiogenesis 
occurring soon after TACE. However, because the study 
included only patients who responded to TACE, approx-
imately 60% of the patients in the sorafenib group under-
went drug treatment 9 weeks after TACE. This long wait-
ing period might have contributed to the loss of the addi-
tive effect of sorafenib.

  In addition, the mean daily dose in the sorafenib group 
was as low as 386 mg because of many cases of dose reduc-
tion (73%) and interruption (91%). By contrast, the mean 
daily dose of sorafenib was 797 mg in the SHARP study, 
and the occurrence of dose reduction (26%) and interrup-
tion (44%) was low. In the Asia-Pacific study, the mean 
daily dose of sorafenib was 795 mg, with a low occurrence 
of dose reduction (31%) and interruption (43%), and the 
study outcomes were markedly different from those of 
the Post-TACE study. The Post-TACE study was con-
ducted before the results of the SHARP study were re-
vealed to be positive, and Japanese patients did not par-
ticipate in the SHARP or Asia-Pacific study; therefore, 
physicians in the Post-TACE study who may have been 
unfamiliar with the management of the side effects of 
sorafenib, especially hand-foot skin reaction, used the 
drug at low doses and short duration, resulting in poor 
treatment outcomes.

  Although no significant intergroup difference was ob-
served between Japan and Korea, significant differences 
in TTP were observed between Korea and Japan. This 
could be attributed to the considerably longer treatment 
duration in Korean patients than in Japanese patients 
(median 31 vs. 16 weeks), which generated a good HR. 
Furthermore, patient backgrounds were different be-
tween the 2 countries, with a higher proportion of elderly 
patients and a greater number of lesions in Japanese than 
in Korean patients.
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  The BRISK-TA Study 

 Background 
 Brivanib inhibits the signal transduction pathway of 

fibroblast growth factor receptor in addition to the VEGF 
receptor, and its mechanism of action is, therefore, differ-
ent from that of sorafenib. Based on the action of brivanib, 
a phase III study was designed to investigate the efficacy 
and safety of the drug as an adjuvant therapy to TACE in 
patients with unresectable HCC  [10] .

  Methods 
 At 83 institutes in 12 countries, a total of 502 patients 

were treated with TACE and randomly allocated to re-
ceive brivanib ( n  = 249) or placebo ( n  = 253). The period 
between TACE and drug administration ranged from 48 
h to 21 days. TACE was repeated in patients receiving in-
sufficient treatment and in those showing tumor progres-
sion or the development of a new lesion. Drug adminis-
tration was stopped 2 days before the second or later 
TACE session and was resumed 3–21 days after TACE. 
The primary endpoint was OS, and secondary endpoints 
were time to disease progression, which is a composite 
endpoint, time to extrahepatic spread or vascular inva-
sion (TTES/VI), and the number of TACE sessions. In the 
study, extrahepatic metastasis/spread, vascular invasion, 
death, exacerbation to Child-Pugh C, and a reduction in 
performance status by 2 points were defined as disease 
progression.

  Results 
 Between August 2009 and August 2012, 502 patients 

were allocated to receive brivanib ( n  = 249) or placebo 
( n  = 253). The median OS, the primary endpoint of the 
study, was 26.4 and 26.1 months in the brivanib and pla-
cebo arms, respectively (HR 0.90 [95% CI 0.66–1.23]; 
 p  = 0.5280) ( Table  1 ). Regarding the secondary end-
points, the median time to disease progression was 12.0 
and 10.9 months in the brivanib and placebo arms, re-
spectively (HR 0.94 [95% CI 0.72–1.22];  p  = 0.6209). 
However, the brivanib group had a longer TTES/VI (HR 
0.64 [95% CI 0.45–0.90];  p  = 0.0096) and fewer TACE 
sessions (HR 0.72 [95% CI 0.61–0.86];  p  = 0.0002). The 
median TTP was 8.4 months in the brivanib group and 
4.9 months in the placebo group; the former had a sig-
nificantly longer TTP (HR 0.61 [95% CI 0.48–0.77];  p  < 
0.0001). The response rate per mRECIST  [11]  was 48 
and 42% in the brivanib and placebo groups (odds ratio 
1.28 [95% CI 0.90–1.83]), with 22 and 11% for complete 
response and 9 and 18% for progressive disease (PD), 
respectively.

  Possible Reasons for Failure 
 The survival benefit of brivanib was not demonstrated 

in a phase III trial comparing OS noninferiority between 
brivanib and sorafenib as a first-line treatment for unre-
sectable advanced HCC (the BRISK-FL study) and an-
other phase III study that compared brivanib and pla-
cebo as a second-line treatment following sorafenib (the 
BRISK-PS study). Consequently, the BRISK-TA study 

 Table 1.  Clinical trials of TACE combined with molecular targeted agents

Post-TACE (n = 458) BRISK-TA (n = 502) SPACE (n = 307) ORIENTAL (n = 888)  TACE-2 (n = 313)

sorafenib
(n = 229)

placebo
(n = 227)

brivanib
(n = 249)

placebo
(n = 253)

sorafenib
(n = 154)

placebo
(n = 153)

orantinib
(n = 444)

placebo
(n = 444)

so rafenib
(n = 157)

placebo
(n = 156)

Phase III III (immature/
terminated)

II III (terminated due to 
interim analysis)

III (terminated due to 
interim analysis)

mOS, months 29.7 NR 26.4 26.1 NR NR 31.1 32.3 21.1 19.7
HR (95% CI) 1.06 (0.69 – 1.64) 0.90 (0.66 – 1.23) 0.898 (0.606 – 1.330) 1.090 (0.878 – 1.352) 0.91 (0.67 – 1.24)
p value 0.79 0.528 0.295 0.435 0.57

mTTP, months 5.4 3.7 8.4 4.9 5.6 5.5 ND ND 7.9a 7.8a

HR (95% CI) 0.87 (0.70 – 1.09) 0.61 (0.48 – 0.77) 0.797 (0.588 – 1.080) ND 0.99 (0.77 – 1.27)
p value 0.252 <0.0001 0.072 ND 0.94

Primary endpoint TTP OS TTP OS PFS

Definition of progression RECICLE mRECIST mRECIST TACE discontinuation 
criteria

RECIST 1.1

Median DOT of study drug 17 weeks 24.0 weeks 21.0 weeks 43.6 weeks 17.1 weeks

 TACE, transarterial chemoembolization; mOS, median overall survival; NR, not reached; HR, hazard ratio; mTTP, median time to progression; ND, no data; PFS, progression-free 
survival; DOT, duration of treatment. a Progression-free survival was used in the TACE-2 study.
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was terminated 2 years earlier than originally planned, 
after enrolling only 502 patients, which was a markedly 
smaller cohort than the originally planned 870 patients. 
Although the primary endpoint OS did not differ signifi-
cantly between the groups, TTES/VI, TTP, and response 
rate were significantly different, suggesting that brivanib 
delays tumor progression and metastasis. Because of the 
early termination of the study, in addition to patients, the 
number of deaths (needed to calculate the primary end-
point OS) was 164, accounting for 32% of the initially an-
ticipated number of deaths (520). This early termination 
also makes evaluation of drug efficacy difficult; however, 
the intergroup differences in TTES/VI and TTP, as well 
as the reduced number of TACE sessions, suggest that 
brivanib had a positive anticancer effect. If the study had 
been continued, it might have met its primary endpoint 
of prolonging overall survival.

  The SPACE Study 

 Background 
 The SPACE study, which involved the use of drug-

eluting beads loaded with doxorubicin (DEBDOX), was 
conducted at 85 institutes in 13 countries, but not in Ja-
pan. This phase II study investigated the safety and effi-
cacy of TACE with doxorubicin-eluting beads (DEB-
TACE) combined with sorafenib or placebo in patients 
with unresectable intermediate-stage (BCLC stage B) 
HCC. Based on the findings of the Post-TACE study in-
dicating that VEGF production is upregulated in response 
to TACE-induced ischemia, which suggests that early ad-
ministration of sorafenib is necessary, in the SPACE 
study, TACE was performed after the initiation of so-
rafenib treatment  [12] .

  Methods 
 Patients registered at 85 institutes in 13 countries were 

randomly allocated to receive sorafenib or placebo. So-
rafenib or placebo was administered 3–7 days before 
DEB-TACE. After the first DEB-TACE, the second and 
latter DEB-TACE procedures were performed at 3, 7, and 
13 months and every 6 months thereafter. The primary 
endpoint was TTP, and the secondary endpoints were OS, 
TTES/VI, time to untreatable progression (TTUP) by 
TACE, and safety. The criteria for untreatable progres-
sion by TACE were defined as the occurrence of vascular 
invasion or extrahepatic spread, sustained ascites, Child-
Pugh class B, Eastern Cooperative Oncology Group 
(ECOG) performance status score of  ≥ 2, and platelet 

count of <60,000/μL. A 1-tailed test was used to analyze 
the differences between the groups, with significance set 
at 15% (α = 0.15).

  Results 
 Of 307 patients, 154 received sorafenib and 153 re-

ceived placebo. The median TTP, the primary endpoint 
of the study, was 169 and 166 days in the sorafenib and 
placebo groups, respectively, thereby achieving the pri-
mary endpoint (HR 0.797 [95% CI 0.588–1.08];  p  = 0.072) 
( Table 1 ). However, the secondary endpoints of OS and 
TTES/VI did not reach the median value in both groups 
(HR 0.898 [95% CI 0.606–1.33];  p  = 0.295 for OS, and HR 
0.621 [95% CI 0.321–1.20];  p  = 0.076 for TTES/VI). The 
median TTUP was 95 and 224 days in the sorafenib and 
placebo groups, respectively (HR 1.586 [95% CI 1.200–
2.096];  p  = 0.999). The number of patients with TACE-
untreatable progression was 110 and 96 in the sorafenib 
and placebo groups, respectively. The frequency of DEB-
TACE was once in 35.9% of sorafenib patients and 19.2% 
of placebo patients. Comparison between Asian and non-
Asian patients showed that the proportion of Asian pa-
tients who underwent DEB-TACE once was 24.1% in the 
sorafenib group and 22.0% in the placebo group, and 
among non-Asian patients it was 42.4% in the sorafenib 
group and 17.8% in the placebo group. TTP in Asian pa-
tients was 24 months in the sorafenib group and 16.1 
months in the placebo group, and TTP in non-Asian pa-
tients was 25.0 months in the sorafenib group and 24.0 
months in the placebo group.

  Possible Reasons for Clinically Unmeaningful Results 
 The SPACE study achieved the primary endpoint of 

TTP; however, no significant difference was observed in 
the secondary endpoint of OS. Similarly, TTUP did not 
show significant differences or was considerably shorter 
in the sorafenib group, inconsistent with the outcome 
initially anticipated. In this study, DEB-TACE was per-
formed at 3, 7, and 13 months and every 6 months there-
after using the method-designated scheduled TACE, in 
which TACE is performed at fixed intervals. Even when 
intrahepatic lesions responded favorably to TACE, un-
necessary repetition of TACE might have impaired liver 
function or increased the side effects of sorafenib. Un-
like scheduled TACE, TACE is performed when needed 
in Japan using a method designated “on-demand 
TACE.”

  In this study, many patients had fewer TACE sessions, 
which may have occurred because the criteria for TACE-
untreatable progression were not appropriate. Although 
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vascular invasion and extrahepatic spread are adequate 
criteria, Child-Pugh B, sustained ascites, and a platelet 
count of <60,000/μL may not indicate that patients are 
untreatable with TACE. The Japan/Korea Post-TACE 
study suggested that sorafenib might extend TTP if 
sorafenib is administered for a long period of time; how-
ever, in the SPACE study, sorafenib administration was 
terminated early based on the criteria for TACE-untreat-
able progression.

  In addition, treatment duration of sorafenib was too 
short, i.e., only 21 weeks. In Asian patients, median treat-
ment duration of sorafenib was 30 weeks, resulting in a 
favorable HR of 0.720 ( p  = 0.078), whereas in non-Asian 
patients, median treatment duration of sorafenib was just 
17.4 weeks, resulting in a poor HR of 0.865 ( p  = 0.243). 
This implies that treatment duration is very important in 
the TACE combination trial similar to the Post-TACE 
study.

  ORIENTAL Study 

 Background 
 A phase I/II study showed promising efficacy and safe-

ty of orantinib, a molecular targeted agent that inhibits 
VEGF, PDGF, and fibroblast growth factor receptors in 
patients with advanced HCC  [13] . In light of the promis-
ing outcomes, a phase II study was conducted to evaluate 
the efficacy of combination therapy with TACE and oran-
tinib. The results showed improved progression-free sur-
vival (PFS), the primary endpoint of the study, suggesting 
the additive effect of the combination of orantinib and 
TACE  [14] . Accordingly, a phase III (ORIENTAL) study 
was conducted in Japan, Korea, and Taiwan  [15] .

  Methods 
 Between December 2010 and November 2013, 889 pa-

tients with unresectable HCC were registered at 75 insti-
tutes located in the 3 countries and subsequently allo-
cated to receive orantinib or placebo. The primary end-
point was OS, and the secondary endpoints were time to 
TACE failure (TTTF), time to treatment failure, and 
safety.

  Results 
 Of 889 patients initially registered, 1 withdrew and the 

remaining patients were allocated to receive orantinib 
( n  = 444) or placebo ( n  = 444). Follow-up was initially 
planned to continue until November 2016; however, the 
study was terminated after an interim analysis based on 

the recommendation of the Data Monitoring Committee, 
which provides independent assessment of efficacy and 
safety, because data analysis suggested that the primary 
endpoint of the study (OS) would not be achieved. The 
median OS was 31.1 and 32.3 months in the orantinib and 
placebo groups, respectively (HR 1.090 [95% CI 0.878–
1.352];  p  = 0.435) ( Table 1 ). The median OS in patients 
with BCLC stage B HCC was 31.1 and 26.6 months in the 
orantinib and placebo groups, respectively (HR 0.837 
[95% CI 0.624–1.124];  p  = 0.236). The median TTTF, a 
secondary endpoint, was 23.9 and 19.8 months in the 
orantinib and placebo groups, respectively (HR 0.887 
[95% CI 0.725–1.086];  p  = 0.245). In addition, the median 
TTTF in patients with a low level of VEGF-C was 25.5 and 
18.4 months in the orantinib and placebo groups, respec-
tively (HR 0.695;  p  = 0.0196).

  Possible Reasons for Failure 
 OS, the primary endpoint of this study, did not differ 

significantly between the groups, whereas TTTF was sig-
nificantly extended in patients with low levels of VEGF-C 
in the orantinib group. Additionally, orantinib tended to 
prolong OS in patients with BCLC stage B HCC, which is 
a recommended indication for TACE. The study was ter-
minated early because of the interim analysis results that 
orantinib had no survival benefit in combination with 
TACE. Because patients with unresectable HCC were tar-
geted in this study, patients with BCLC stage B HCC, the 
conventional indication for TACE, accounted for only 
50% of all patients. The remaining subjects were BCLC 
stage A or C. Intergroup comparison after excluding pa-
tients with BCLC stage B HCC revealed that OS was poor 
in the orantinib group, which might have worsened the 
OS of the entire orantinib group.

  Comparison of OS between patients with and without 
orantinib dose reduction showed that OS was significant-
ly prolonged in patients with dose reduction, whereas OS 
was shorter in patients without dose reduction than in the 
placebo group. Comparison by country showed that the 
proportion of patients with dose reduction was approxi-
mately 50% in Japan, whereas only 30% of patients had 
dose reduction in Korea and Taiwan. Side effects were the 
primary reason for dose reduction in approximately 90% 
of patients, suggesting the importance of controlling drug 
adverse effects. OS tended to be prolonged in the oran-
tinib group compared to the placebo group in Japan, 
whereas the opposite tendency was observed in Korea 
and Taiwan. This suggested that OS was longer in Japan 
because of the proper dose modification and adequate 
management of side effects.

－899－



 Kudo/Arizumi

 

Oncology 2017;93(suppl 1):127–134
DOI: 10.1159/000481243

132

  The TACE-2 Study 

 Background 
 Twenty institutes in England participated in this study, 

which aimed to clarify whether combination therapy with 
DEB-TACE and sorafenib suppresses tumor progression 
and extends OS  [16] .

  Methods 
 Patients were allocated to receive sorafenib or placebo, 

and DEB-TACE was performed within 2–5 weeks after 
administration of sorafenib or placebo. Subsequently, 
DEB-TACE was repeated when an additional TACE ses-
sion was necessary based on imaging findings. The pri-
mary endpoint was PFS, and the secondary endpoints 
were OS and TTP.

  Results 
 A total of 313 patients were registered for the study 

and randomized to the sorafenib ( n  = 157) or placebo 
( n  = 156) arms. The median PFS per RESIST version 1.1, 
the primary endpoint of the study, was 7.9 months (95% 
CI 7.4–9.1) and 7.8 months (95% CI 7.0–10.7) in the 
sorafenib and placebo arms, respectively (HR 0.99 [95% 
CI 0.77–1.27];  p  = 0.94). The median OS, the secondary 
endpoint, was 21.1 months (95% CI 14.7–29.3) and 19.7 
months (95% CI 16.7–23.2) in the sorafenib and placebo 
groups, respectively (HR 0.91 [95% CI 0.67–1.24];  p  = 
0.57). The authors concluded that these results, taken to-
gether with those from the SPACE trial, provide defini-
tive evidence that DEB-TACE combined with sorafenib 
therapy does not improve outcome compared to DEB-
TACE alone.

  Possible Reasons for Failure 
 In this trial, no significant difference in PFS or OS was 

observed, showing no beneficial effect of sorafenib. DEB-
TACE was repeated at the discretion of the physician, 
even before confirming the progression. Because pro-
gression was defined based on RECIST 1.1, sorafenib 
treatment was terminated at the point of appearance of 
new intrahepatic lesions. Therefore, it is possible that 
DEB-TACE was repeated before sorafenib could produce 
the anticipated benefit, rendering the study results insig-
nificant. The appearance of new intrahepatic lesions does 
not always indicate that TACE or sorafenib is not effec-
tive and should be switched to another treatment option, 
because intrahepatic metastatic recurrence through the 
portal vein frequently occurs in HCC. This is a biological 
characteristic of HCC even after resection, ablation, or 

superselective TACE in cases in which HCC nodules are 
large (>2 cm)  [17] . Therefore, the definition of progres-
sion in patients undergoing TACE based on RECIST 1.1 
or mRECIST is not adequate.

  Even in the absence of significant differences between 
patients treated with TACE alone and those treated with 
TACE combined with a molecular targeted agent, studies 
showed the antitumor effect of molecular targeted thera-
py in an adjuvant setting. However, the TACE-2 study did 
not show intergroup differences or an antitumor effect of 
sorafenib in the adjuvant setting. This was similar to the 
STORM study, which investigated the efficacy of sorafenib 
as adjuvant to resection or radiofrequency ablation and 
found no effect of sorafenib on suppressing recurrence as 
adjuvant therapy for HCC  [18] . These findings suggest 
that concurrent administration of sorafenib has no effect 
on the suppression of disease progression based on 
RECIST and that TACE may be combined with more po-
tent agents, such as immunotherapy or a drug causing a 
significant response in the tumor, such as lenvatinib  [19] . 
Another possible explanation for the negative results is 
the trial design, especially the definition of progression. 
As stated earlier, progression based on RESIST 1.1 or 
mRECIST may not be adequate in trials of TACE combi-
nation therapies  [12] .

  Proposal of a New Primary Endpoint in TACE 
Combination Trials 

 In phase III studies evaluating the effects of cancer 
treatment, the primary endpoint is OS in principle. How-
ever, in previous combination studies with TACE, the 
median OS ranged from 18 months (shortest) to 32 
months (longest) ( Table 1 ), suggesting that the duration 
of the study needs to be extremely long when evaluating 
OS as a primary endpoint. In clinical studies that are ter-
minated early because of tumor progression or adverse 
effects, patients often receive various post-trial treat-
ments, such as hepatic artery infusion chemotherapy 
 [20–22] , ablation  [23–25] , or systemic therapy  [26–29] . 
In such cases, post-trial treatment likely affects OS, mak-
ing it difficult to evaluate treatment outcomes using OS, 
especially in studies of TACE in patients with intermedi-
ate-stage HCC.

  Instead of OS, TTP/PFS is used as a primary endpoint 
in some trials; however, whether TTP/PFS based on 
RECIST is an appropriate endpoint in clinical trials of 
TACE combination therapies remains unclear. In gen-
eral, TTP corresponds to the period between random-
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ization or the day of study initiation and disease pro-
gression. However, in patients treated with TACE, the 
procedure is often repeated before the tumor diameter 
exceeds the pretreatment diameter. Additionally, pa-
tients with indications appropriate for TACE often have 
multiple lesions and are likely to develop new ones, 
which leads to the question of whether a new lesion 
should be considered as PD.

  In our previous study, we proposed a novel endpoint, 
“time to TACE progression (TTTP),” as a progression-
free period specific to patients treated with TACE and 
defined as the time from the initial TACE effect evalua-
tion to progression  [30] . TTTP was determined using im-
ages taken 1 month after TACE as baseline images and by 
designating PD as the time at which the sum of the diam-
eters of the 5 largest tumors is larger than the baseline 
diameter by  ≥ 20% or the time of appearance of extrahe-
patic spread or vascular invasion. TTTP is better suited 
for evaluating the effect of TACE in clinical practice. We 
also verified that TTTP is correlated with OS, suggesting 
that TTTP could be a surrogate endpoint for OS and a 

better primary endpoint than OS for use in clinical stud-
ies of TACE in combination with molecular targeted 
agents.

  Conclusion 

 Many clinical trials investigated the efficacy of TACE 
combined with molecular targeted agents; however, none 
of them demonstrated an OS benefit of the combination 
strategy or even improved TTP/PFS. Nevertheless, these 
studies showed the antitumor effect of the molecular tar-
geted agents as adjuvant therapy. It is important to con-
sider the reasons for the negative outcomes of these trials 
and to carefully plan future clinical trials of combination 
therapy with TACE.

  Disclosure Statement 

 The authors have no conflicts of interest to declare.
 

 References 

  1 Llovet JM, Ricci S, Mazzaferro V, Hilgard P, 
Gane E, Blanc JF, de Oliveira AC, et al: 
Sorafenib in advanced hepatocellular carci-
noma. N Engl J Med 2008;   359:   378–390. 

  2 Cheng AL, Kang YK, Chen Z, Tsao CJ, Qin S, 
Kim JS, Luo R, et al: Efficacy and safety of 
sorafenib in patients in the Asia-Pacific re-
gion with advanced hepatocellular carcino-
ma: a phase III randomised, double-blind, 
placebo-controlled trial. Lancet Oncol 2009;  
 10:   25–34. 

  3 Kudo M: Locoregional therapy for hepatocel-
lular carcinoma. Liver Cancer 2015;   4:   163–
164. 

  4 Kudo M: Surveillance, diagnosis, treatment, 
and outcome of liver cancer in Japan. Liver 
Cancer 2015;   4:   39–50. 

  5 Tsurusaki M, Murakami T: Surgical and lo-
coregional therapy of HCC: TACE. Liver 
Cancer 2015;   4:   165–175. 

  6 Arizumi T, Ueshima K, Minami T, Kono M, 
Chishina H, Takita M, Kitai S, et al: Effective-
ness of sorafenib in patients with transcathe-
ter arterial chemoembolization (TACE) re-
fractory and intermediate-stage hepatocellu-
lar carcinoma. Liver Cancer 2015;   4:   253–262. 

  7 Bruix J, Raoul JL, Sherman M, Mazzaferro V, 
Bolondi L, Craxi A, Galle PR, et al: Efficacy 
and safety of sorafenib in patients with ad-
vanced hepatocellular carcinoma: subanaly-
ses of a phase III trial. J Hepatol 2012;   57:   821–
829. 

  8 Geschwind JF, Gholam PM, Goldenberg A, 
Mantry P, Martin RC, Piperdi B, Zigmont E, 
et al: Use of transarterial chemoembolization 
(TACE) and sorafenib in patients with Unre-
sectable hepatocellular carcinoma: US re-
gional analysis of the GIDEON registry. Liver 
Cancer 2016;   5:   37–46. 

  9 Kudo M, Imanaka K, Chida N, Nakachi K, 
Tak WY, Takayama T, Yoon JH, et al: Phase 
III study of sorafenib after transarterial che-
moembolisation in Japanese and Korean pa-
tients with unresectable hepatocellular carci-
noma. Eur J Cancer 2011;   47:   2117–2127. 

 10 Kudo M, Han G, Finn RS, Poon RT, Blanc JF, 
Yan L, Yang J, et al: Brivanib as adjuvant ther-
apy to transarterial chemoembolization in pa-
tients with hepatocellular carcinoma: a ran-
domized phase III trial. Hepatology 2014;   60:  
 1697–1707. 

 11 Lencioni R, Llovet JM: Modified RECIST 
(mRECIST) assessment for hepatocellular 
carcinoma. Semin Liver Dis 2010;   30:   52–60. 

 12 Lencioni R, Llovet JM, Han G, Tak WY, Yang 
J, Guglielmi A, Paik SW, et al: Sorafenib or 
placebo plus TACE with doxorubicin-eluting 
beads for intermediate stage HCC: the SPACE 
trial. J Hepatol 2016;   64:   1090–1098. 

 13 Kanai F, Yoshida H, Tateishi R, Sato S, Kaw-
abe T, Obi S, Kondo Y, et al: A phase I/II trial 
of the oral antiangiogenic agent TSU-68 in 
patients with advanced hepatocellular carci-
noma. Cancer Chemother Pharmacol 2011;  
 67:   315–324. 

 14 Inaba Y, Kanai F, Aramaki T, Yamamoto T, 
Tanaka T, Yamakado K, Kaneko S, et al: A 
randomised phase II study of TSU-68 in pa-
tients with hepatocellular carcinoma treated 
by transarterial chemoembolisation. Eur J 
Cancer 2013;   49:   2832–2840. 

 15 Kudo M, Cheng A-L, Park J-W, Park JH, 
Liang P-C, Hidaka H, Izumi N, Heo J, Lee YJ, 
Sheen I-S, Chiu C-F, Arioka H, Morita S, Arai 
Y: Orantinib versus placebo combined with 
transcatheter arterial chemoembolization in 
patients with unresectable hepatocellular car-
cinoma (ORIENTAL): a randomised, double-
blind, placebo-controlled, multicentre, phase 
3 study. Lancet Gastroenterol Hepatol 2017, 
Epub ahead of print. 

 16 Meyer T, Fox R, Ma YT, Ross PJ, James MW, 
Sturgess R, Stubbs C, et al: Sorafenib in com-
bination with transarterial chemoembolisa-
tion in patients with unresectable hepatocel-
lular carcinoma (TACE 2): a randomised pla-
cebo-controlled, double-blind, phase 3 trial. 
Lancet Gastroenterol Hepatol 2017;   2:   565–
575. 

 17 Nakashima O, Sugihara S, Kage M, Kojiro M: 
Pathomorphologic characteristics of small 
hepatocellular carcinoma: a special reference 
to small hepatocellular carcinoma with indis-
tinct margins. Hepatology 1995;   22:   101–105. 

－901－



 Kudo/Arizumi

 

Oncology 2017;93(suppl 1):127–134
DOI: 10.1159/000481243

134

 18 Bruix J, Takayama T, Mazzaferro V, Chau 
GY, Yang J, Kudo M, Cai J, et al: Adjuvant 
sorafenib for hepatocellular carcinoma after 
resection or ablation (STORM): a phase 3, 
randomised, double-blind, placebo-con-
trolled trial. Lancet Oncol 2015;   16:   1344–
1354. 

 19 Cheng A, Finn R, Qin S, et al: Phase III trial of 
lenvatinib (LEN) vs sorafenib (SOR) in first-
line treatment of patients (pts) with unresect-
able hepatocellular carcinoma (uHCC). J Clin 
Oncol 2017;   35(suppl):abstr 4001. 

 20 Obi S, Sato S, Kawai T: Current status of he-
patic arterial infusion chemotherapy. Liver 
Cancer 2015;   4:   188–199. 

 21 Lin CC, Hung CF, Chen WT, Lin SM: Hepat-
ic arterial infusion chemotherapy for ad-
vanced hepatocellular carcinoma with portal 
vein thrombosis: impact of early response to 
4 weeks of treatment. Liver Cancer 2015;   4:  
 228–240. 

 22 Ueshima K, Kudo M, Tanaka M, Kumada T, 
Chung H, Hagiwara S, Inoue T, et al: Phase I/
II study of sorafenib in combination with he-
patic arterial infusion chemotherapy using 
low-dose cisplatin and 5-fluorouracil. Liver 
Cancer 2015;   4:   263–273. 

 23 Teng W, Liu KW, Lin CC, Jeng WJ, Chen WT, 
Sheen IS, Lin CY, et al: Insufficient ablative 
margin determined by early computed to-
mography may predict the recurrence of he-
patocellular carcinoma after radiofrequency 
ablation. Liver Cancer 2015;   4:   26–38. 

 24 Kang TW, Rhim H: Recent advances in tumor 
ablation for hepatocellular carcinoma. Liver 
Cancer 2015;   4:   176–187. 

 25 Lencioni R, de Baere T, Martin RC, Nutting 
CW, Narayanan G: Image-guided ablation of 
malignant liver tumors: recommendations 
for clinical validation of novel thermal and 
non-thermal technologies – a Western per-
spective. Liver Cancer 2015;   4:   208–214. 

 26 Kudo M: Molecular targeted therapy for he-
patocellular carcinoma: where are we now? 
Liver Cancer 2015;   4:I–VII. 

 27 Kudo M: Regorafenib as second-line systemic 
therapy may change the treatment strategy 
and management paradigm for hepatocellu-
lar carcinoma. Liver Cancer 2016;   5:   235–244. 

 28 Zhang B, Finn RS: Personalized clinical trials 
in hepatocellular carcinoma based on bio-
marker selection. Liver Cancer 2016;   5:   221–
232. 

 29 Kudo M: Immune checkpoint blockade in he-
patocellular carcinoma. Liver Cancer 2015;   4:  
 201–207. 

 30 Arizumi T, Ueshima K, Iwanishi M, Minami 
T, Chishina H, Kono M, Takita M, et al: The 
overall survival of patients with hepatocellu-
lar carcinoma correlates with the newly de-
fined time to progression after transarterial 
chemoembolization. Liver Cancer 2017;   6:  
 227–235. 

  

－902－



E-Mail karger@karger.com

 Liver Cancer – Review 

 Oncology 2017;93(suppl 1):135–146 
 DOI: 10.1159/000481244 

 Systemic Therapy for Hepatocellular 
Carcinoma: 2017 Update 

 Masatoshi Kudo  

 Department of Gastroenterology and Hepatology, Kindai University Faculty of Medicine,  Osaka-Sayama , Japan

 

of interest are the combination of anti-PD-1/PD-L1 thera-
pies with other immune checkpoint inhibitors, such as anti-
CTLA-4 antibodies, or with a tyrosine kinase inhibitor, or with 
locoregional therapies such as resection, ablation, or trans-
arterial chemoembolization.  © 2017 S. Karger AG, Basel 

 Introduction 

 Systemic therapy against hepatocellular carcinoma 
(HCC) changed drastically following the introduction of 
the molecular targeted agent sorafenib in 2007. The intro-
duction of sorafenib provided an additional therapeutic 
option for HCC patients with extrahepatic spread or vas-
cular invasion, and survival improved to some extent 
even among patients with advanced HCC. Although nov-
el molecular targeted agents have been tested to overcome 
the poor antitumor effect and toxicity associated with 
sorafenib, none of them showed satisfactory results for 
various reasons.

  Another category of agents that attracted considerable 
attention in recent years is that of immune checkpoint 
inhibitors  [1] . These include anti-programmed cell death 
protein 1 (PD-1)/anti-programmed cell death protein 
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 Abstract 
 Systemic therapy for hepatocellular carcinoma (HCC) 
changed drastically after the introduction of the molecular 
targeted agent sorafenib in 2007. Sorafenib provides an ad-
ditional therapeutic option for patients with extrahepatic 
spread or vascular invasion, resulting in improved survival 
even among patients with advanced HCC; however, the tox-
icity of sorafenib and its unsatisfactory antitumor effects re-
main unsolved issues. The development of novel molecular 
targeted agents as alternatives to sorafenib has been limited 
by difficulties unique to HCC. Recent studies have demon-
strated the efficacy of two molecular targeted agents, the 
second-line agent regorafenib, which is used after sorafenib 
failure, and the first-line agent lenvatinib, which has been 
shown to be noninferior to sorafenib. Another category of 
agents that are attracting considerable interest are immune 
checkpoint inhibitors such as anti-PD-1/PD-L1 or CTLA-4 an-
tibodies, which kill cancer cells via a unique mechanism. The 
therapeutic effects of some of these agents are currently un-
der investigation in phase III studies. The most recent topics 
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ligand 1 (PD-L1) or cytotoxic T-lymphocyte-associated 
antigen 4 (CTLA-4) antibodies, which kill cancer cells via 
a unique mechanism involving immune responses. Phase 
III studies of some of these agents are currently ongoing, 
and expectations are high regarding their therapeutic ef-
fects. However, the high cost of these agents has become 
an important social issue, and there is an increasing need 
to establish appropriate biomarkers. This article describes 
the current status, problems, and future perspectives of 
recent clinical trials of new anti-HCC agents  [1–4] .

  Molecular Targeted Agents 

 Sorafenib is an oral kinase inhibitor that exerts antitu-
mor effects through the following mechanisms: (1) tumor 
growth suppression mediated by targeting serine/threo-
nine kinases that are components of the Raf/MEK/ERK 
pathway (e.g., C-Raf, wild-type B-Raf, and mutant V600E 
B-Raf), a common downstream pathway of signals trans-
duced via VEGFR, PDGFR, and EGFR; and (2) angio-
genesis suppression by targeting tyrosine kinases (e.g., 
VEGFR1, VEGFR2, VEGFR3, PDGFR-α/β, RET, and 
Fms-related tyrosine kinase 3 [FLT3])  [5, 6] . Sorafenib 
became the standard of care for advanced HCC following 
confirmation of its effect by significantly improving over-
all survival (OS) over placebo in two large-scale trials, the 
SHARP trial  [7, 8]  and the Asia-Pacific trial  [4] .

  Current Status of the Development of Molecular 
Targeted Agents for HCC 
 Several clinical trials have investigated the efficacy of 

novel molecular targeted agents, mainly as adjuvant ther-
apy after curative treatment, in combination with trans-
arterial chemoembolization (TACE), as first-line therapy 
for advanced HCC, or as second-line therapy. To date, 20 
phase III trials of molecular targeted agents for HCC 
failed to show a benefit in OS or time to tumor progres-
sion (TTP)/progression-free survival (PFS) ( Table  1 ). 
The results of the phase III trials are outlined in the next 
paragraphs.

  Prevention of Recurrence after Curative Treatment 
(Adjuvant Therapy) 
  Sorafenib.  A phase III trial comparing adjuvant 

sorafenib to placebo after radiofrequency ablation  [9–
11]  or hepatectomy  [12–15]  (STORM trial) found no 
difference in the primary endpoint of recurrence-free 
survival (RFS)  [16] . A possible explanation for the fail-
ure of sorafenib to suppress secondary HCC occurrence 

and metastatic recurrence is the weak involvement of 
angiogenesis in the development of microcarcinoma, 
even in cases of multicentric tumors or intrahepatic me-
tastasis.

   Peretinoin.  This agent acts by removing precancerous 
lesions and thereby suppresses cancer development by in-
hibiting the phosphorylation of retinoid nuclear recep-
tors to induce differentiation and apoptosis  [17, 18] . A 
placebo-controlled phase II/III study examining adjuvant 
peretinoin after hepatectomy or radiofrequency ablation 
showed significant benefits in the primary endpoint of 
RFS in the 600 mg peretinoin group, but not in the 300 
mg peretinoin group, over placebo  [19] . The primary 
comparison showed no significant differences between 
the overall peretinoin group and the placebo group. A 
second phase III trial comparing 600 mg peretinoin with 
placebo in HCV-positive Child-Pugh class A patients is 
currently underway (NIK-333 trial). Another trial com-
paring RFS associated with peretinoin to placebo in HBV-
positive patients in Japan, South Korea, and Taiwan is 
also ongoing (K-333 trial).

  Combination Therapy with TACE 
  Sorafenib.  A phase III post-TACE trial comparing 

sorafenib and placebo after TACE  [9, 14, 20, 21]  was con-
ducted in patients who responded to TACE in Japan and 
South Korea. However, the primary endpoint of pro-
longed TTP was not achieved, mainly because of the short 
treatment duration (17 weeks) and the long period (9 
weeks) between TACE and the start of sorafenib or pla-
cebo. A phase II study comparing sorafenib and placebo 
in combination therapy with scheduled TACE using 
doxorubicin-eluting beads (SPACE trial) was successful 
 [22] . The primary endpoint of prolonged TTP was posi-
tive, albeit without clinical meaningfulness. There was no 
significant difference in the secondary outcome of OS. 
The time to untreatable progression was shorter in the 
sorafenib group than in the placebo group. In the TACE 
2 trial, which was conducted in the UK, the primary end-
point of prolonged PFS was not achieved  [23] . This fail-
ure could be attributed to the short sorafenib/placebo 
treatment duration (17.1 weeks) after TACE, as the defi-
nition of progression was determined based on RECIST 
1.1: one single new lesion in the liver is determined as 
“progression” per RECIST 1.1, which is not a good defini-
tion for a TACE combination trial  [24] .

   Orantinib.  This oral kinase inhibitor targets VEGFR2, 
PDGFR, and FGFR to suppress angiogenesis  [25] . A 
phase III trial comparing orantinib and placebo in com-
bination therapy with TACE (ORIENTAL study) was ter-
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minated after the interim analysis because the criteria for 
trial continuation regarding the primary endpoint of OS 
were not met  [26] . The failure of this trial could be attrib-
uted to the considerable toxicity of orantinib.

   Brivanib.  This oral kinase inhibitor targets VEGFR 
and FGFR. A phase III trial comparing brivanib and pla-
cebo in combination with TACE (BRISK-TA study)  [27]  
was terminated during the recruitment phase because of 
the failure of parallel trials of brivanib as first-line or sec-
ond-line therapy. Although the agent did not show supe-
riority in OS over placebo, significant improvements in 
PFS and TTP were reported. In addition, the time to vas-
cular invasion and time to extrahepatic spread were sig-
nificantly longer in the brivanib arm, suggesting a posi-
tive antitumor effect of brivanib.

  First-Line Therapy for Advanced HCC 
  Sunitinib.  This oral kinase inhibitor targets VEGFR, 

PDGFR, KIT, FLT3, and RET  [28] . A phase III study 
comparing sunitinib and sorafenib as first-line therapy 
(SUN1170) showed that the primary endpoint of OS was 
significantly worse in patients receiving sunitinib  [29] . 
There were no differences in the secondary endpoints of 
PFS and TTP between the two treatment groups. These 
results were attributed to the high dose reduction and in-
terruption rates due to severe hematological toxicities in 
the sunitinib group.

   Brivanib.  A phase III study comparing brivanib and 
sorafenib as first-line therapy (BRISK-FL study) did not 
prove the noninferiority of brivanib to sorafenib in the 
primary outcome of OS  [30] .

 Table 1.  Phase III clinical trials for HCC

Trial setting Design Trial name Presentation Publication

Early Adjuvant
(prevention of recurrence)

1
2
3

Peretinoin vs. placebo*
Sorafenib vs. placebo*
Peretinoin vs. placebo

NIK-333
STORM
NIK-333/K-333

ASCO 2010
ASCO 2014

JG 2014
Lancet-O 2015

Intermediate Improvement of TACE 1
2
3
4

TACE +/– sorafenib*
TACE +/– brivanib*
TACE +/– orantinib*
TACE +/– sorafenib

Post-TACE
BRISK-TA
ORIENTAL
TACE 2

ASCO-GI 2010
ILCA 2013
EASL 2015
ASCO 2016

EJC 2011
Hepatol 2014
Lancet GH 2017
Lancet GH 2017

Advanced First line 1
2
3
4
5
6
7
8
9

10

Sorafenib vs. sunitinib*
Sorafenib vs. brivanib*
Sorafenib vs. linifanib*
Sorafenib +/– HAIC*
Sorafenib +/– erlotinib*
Sorafenib +/– doxorubicin*
Sorafenib vs. SIRT*
Sorafenib vs. SIRT*
Sorafenib vs. lenvatinib
Sorafenib vs. nivolumab

SUN1170
BRISK-FL
LiGHT
SILIUS
SEARCH
CALGB808028
SARAH
SIRveNIB
REFLECT
CheckMate-459

ASCO 2011
AASLD 2012
ASCO-GI 2013
EASL 2016
ESMO 2012
ASCO 2016
EASL 2017
ASCO 2017
ASCO 2017

JCO 2013
JCO 2013
JCO 2015

JCO 2013

Second line 1
2
3
4
5
6
7
8
9

10

Brivanib vs. placebo*
Everolimus vs. placebo*
Ramucirumab vs. placebo*
S-1 vs. placebo*
Regorafenib vs. placebo
Tivantinib vs. placebo*
Tivantinib vs. placebo*
Cabozantinib vs. placebo
Ramucirumab vs. placebo 
Pembrolizumab vs. placebo

BRISK-PS
EVOLVE-1
REACH
S-CUBE
RESORCE
METIV-HCC
JET-HCC
CELESTIAL
REACH-2
KEYNOTE-240

EASL 2012
ASCO-GI 2014
ESMO 2014
ASCO-GI 2015
WCGC 2016
ASCO 2017
ESMO 2017
(Press release)

JCO 2013
JAMA 2014
Lancet-O 2015
Lancet GH 2017
Lancet 2017

 Bold type: positive trials; italics: ongoing trials. HCC, hepatocellular carcinoma; TACE, transarterial chemoembolization; HAIC, 
hepatic arterial infusion chemotherapy; SIRT, selective internal radiation therapy. * RCT halted or negative results.
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 Table 3. The SARAH trial: SIRT with 90Y versus sorafenib in patients with locally advanced hepatocellular 
carcinoma

 SIRT
(n = 237)

Sorafenib
(n = 222)

HR p value

Primary endpoint (ITT)
Median OS, months 8.0 9.9 1.15 (0.94 – 1.41) 0.18

Forest plot (ITT)
Macroscopic vascular invasion (yes) 1.19 (0.92 – 1.54)
Main portal vein (yes) 1.39 (0.88 – 2.19)

Vilgrain et al. [39]. SARAH Clinical Study Results Investor Presentation, April 24, 2017. SIRT, selective 
internal radiation therapy; ITT, intention to treat; OS, overall survival

 Table 4. Phase III multicenter open-label randomized controlled trial of SIRT versus sorafenib in locally advanced 
hepatocellular carcinoma: the SIRveNIB study

SIRT
(n = 182)

Sorafenib
(n = 178)

HR p value

Primary endpoint (ITT)
Median OS, months 8.54 10.58 1.17 0.203

Secondary endpoint
Median TTP (overall), months 5.88 5.36 0.93
Median TTP (liver specific), months 6.08 5.39 0.91
Tumor response rate 16.5% 1.7% <0.001

Safety
Severe AEs 27.7% 50.6%

Chow et al. [40]. SIRT, selective internal radiation therapy; ITT, intention to treat; OS, overall survival; TTP, 
time to tumor progression; AE, adverse event.

 Table 2. SIRT with 90Y versus sorafenib in patients with locally advanced hepatocellular carcinoma

 SIRT
(n = 237)

Sorafenib
(n = 222)

HR p value

Primary endpoint (ITT)
Median OS, months 8.0 9.9 1.15 (0.94 – 1.41) 0.18

Secondary endpoint
Median PFS (ITT), months 4.1 3.7 1.03 (0.85 – 1.25) 0.76
ORR (RECIST 1.1) 19% 11.6% 0.042

Safety (TEAE, ≥grade 3)
Fatigue 20% 41%
Diarrhea 3% 30%
Abdominal pain 6% 14%
Hand-foot skin reaction 1% 12%

Vilgrain et al. [39]. SIRT, selective internal radiation therapy; ITT, intention to treat; OS, overall survival; PFS, 
progression-free survival; ORR, objective response rate; TEAE, treatment-emergent adverse event.
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   Linifanib.  This oral kinase inhibitor targets VEGFR 
and PDGFR. A phase III study comparing linifanib to 
sorafenib as first-line therapy (LiGHT trial) did not prove 
the noninferiority of linifanib to sorafenib in the primary 
endpoint of OS  [31] .

   Sorafenib plus Erlotinib.  Erlotinib is an oral kinase in-
hibitor targeting the EGFR tyrosine kinase. A phase III 
study assessing the addition of erlotinib to first-line 
sorafenib therapy (SEARCH study) showed that the pri-
mary endpoint of OS was comparable between the 
sorafenib plus placebo group and the sorafenib plus erlo-
tinib group, confirming no additional effect of erlotinib 
 [32] .

   Lenvatinib.  This oral kinase inhibitor targets the re-
ceptor tyrosine kinases involved in tumor angiogenesis 
and malignant transformation (e.g., VEGFR1, VEGFR2, 
VEGFR3, FGFR1, FGFR2, FGFR3, FGFR4, PDGFR-α/β, 
KIT, and RET)  [33] . Following favorable outcomes of a 
phase II single-arm study on patients with advanced 
HCC (TTP, 7.4 months; OS, 18.7 months)  [34] , a phase 
III study comparing lenvatinib and sorafenib (REFLECT 
trial) demonstrated that lenvatinib was statistically non-
inferior in OS (primary endpoint) and resulted in statis-
tically significant and clinically meaningful improve-
ments in PFS, TTP, and ORR (secondary endpoints) 
 [35] . Lenvatinib is currently approved for the treatment 
of thyroid cancer, and an indication expansion (applica-
tion submitted in June 2017) is expected to be approved 
by 2018.

   Intra-Arterial Radioembolization with   90  Y.   90 Y radio-
embolization is reported to be effective for the treatment 
of HCC  [36–38] . However, the results of two prospective 
randomized trials, the SARAH (Sorafenib versus Radio-
embolization in Advanced Hepatocellular Carcinoma) 
and SIRveNIB (Study to Compare Selective Internal Ra-
diation Therapy versus Sorafenib in Locally Advanced 
Hepatocellular Carcinoma) trials were negative, as re-
ported at the 2017 annual meetings of the European As-
sociation for the Study of the Liver and the American So-
ciety of Clinical Oncology (ASCO)  [39, 40]  ( Tables 2–4 ). 
In both trials, the ORR was significantly better in the  90 Y 
groups; however, there was no statistically significant dif-
ference in the primary endpoint of OS. In addition, there 
was no significant difference in survival benefit in pa-
tients with vascular invasion. These negative trials indi-
rectly demonstrate the difficulty in achieving the pre-
defined primary endpoint of improving OS among HCC 
patients in the first-line setting and the better-than-ex-
pected superiority of sorafenib in improving survival 
among such patients.

   Hepatic Arterial Infusion Chemotherapy.  Hepatic arte-
rial infusion chemotherapy (HAIC) has been reported to 
be useful in patients with advanced HCC, especially with 
vascular invasion  [41–43] . However, the SILIUS trial, 
which compared HAIC plus sorafenib with sorafenib 
alone, could not show any additive effect compared to 
sorafenib alone in patients with advanced HCC.

  Second-Line Therapy for Advanced HCC 
 Sorafenib is the standard of care for advanced HCC. 

Several agents versus placebo were evaluated as second-
line therapy in patients who progressed on sorafenib or 
those who were intolerant to sorafenib.

   Brivanib.  Brivanib was compared with sorafenib in 
combination therapy with TACE and as a first-line ther-
apy. It was also evaluated as a second-line therapy in a 
placebo-controlled study (BRISK-PS trial), in which 
brivanib showed significantly improved TTP and ORR 
(secondary endpoint) but not OS (primary endpoint) 
 [44] . The failure of this trial was partly attributed to the 
higher frequency of vascular invasion in the brivanib arm 
than in the placebo arm, as the stratification factor was set 
as “vascular invasion and/or extrahepatic spread.” After 
this negative trial, vascular invasion thereafter tended to 
be included as an independent stratification factor in the 
following second-line trials ( Table 5 ).

   Everolimus.  This selective mTOR inhibitor suppresses 
angiogenesis and tumor growth. A placebo-controlled 
phase III study (EVOLVE-1) did not show a significant 
improvement in the primary outcome of OS  [45] .

   Tivantinib.  This agent selectively inhibits the hepato-
cyte growth factor receptor c-MET; strong expression of 
c-MET in liver cancer tissues is associated with poor 
prognosis. Following a phase II study that showed sig-
nificant improvements in OS and TTP among patients 
with c-MET overexpression who received tivantinib  [46, 
47] , a placebo-controlled phase III study was conducted 
on patients overexpressing c-MET in liver cancer tissues; 
this was the first biomarker-selected clinical trial for 
HCC. To reflect ethnic differences in metabolizing en-
zyme activities, studies with fundamentally the same de-
sign were separately carried out globally (METIV-HCC) 
and in Japan (JET-HCC) ( Table 1 ). The primary endpoint 
of METIV-HCC was OS and that of JET-HCC was PFS. 
However, the primary endpoint of OS or PFS was not met 
in either trial; the results of the former were reported at 
ASCO 2017  [48] . According to the results presented at 
ASCO, OS in the placebo arm was too good (OS, 9.1 
months). The reason for this negative trial remains un-
known. In addition, c-MET expression was not a prog-
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nostic factor in this phase III trial ( Table  6 ). The JET-
HCC trial was also reported as a negative study without 
any detailed disclosure of the results. This was presented 
at ESMO 2017.

   Ramucirumab.  This humanized IgG 1  monoclonal an-
tibody selectively inhibits VEGFR2  [49] . A placebo-con-
trolled phase III study (REACH) showed no significant 
improvement in the primary endpoint of OS; however, a 
stratified analysis showed a significant improvement in 
OS among patients with α-fetoprotein (AFP) levels  ≥ 400 
ng/mL  [50, 51] . In the Japanese cohort, both the overall 
cohort and the patients with AFP levels  ≥ 400 ng/mL 
showed significantly better survival than the placebo arm 
 [50, 51] . A second placebo-controlled phase III study in-
cluding only patients with AFP levels  ≥ 400 ng/mL is cur-
rently underway (REACH-2).

   S-1.  A cytotoxic agent of S-1 also failed to show sur-
vival benefit in patients who progressed or intolerant to 
sorafenib. This trial was conducted only in Japan  [52] .

   Regorafenib.  This oral kinase inhibitor targets multiple 
protein kinases, including VEGFR1, VEGFR2, VEGFR3, 

TIE2, PDGFR-α/β, FGFR, KIT, RET, RAF-1, and BRAF 
 [53] . Because regorafenib and sorafenib have remarkably 
similar toxicity profiles due to a similar molecular struc-
ture, a placebo-controlled phase III study (RESORCE) 
was conducted using different inclusion criteria, namely, 
HCC nonresponsive but tolerant to sorafenib. The results 
indicated a significant improvement in the primary end-
point of OS (10.6 months with regorafenib vs. 7.8 months 
with placebo), as well as in PFS and TTP  [54] . Regorafenib 
thus became the first second-line agent with proven im-
proved efficacy when compared to placebo. Following 
this positive study, an indication expansion for rego-
rafenib was approved in April 2017 in the USA and in 
May 2017 in Japan, allowing its use in second-line thera-
py for HCC. Regorafenib is not suitable for the treatment 
of patients intolerant to sorafenib, and a second-line 
treatment for this subgroup of patients remains an unmet 
need ( Fig. 1 ). The success of this trial is attributed to the 
following four points: (1) only sorafenib progressors were 
included in the trial (i.e., intolerant patients were exclud-
ed); (2) vascular invasion and extrahepatic spread were 

 Table 6. Comparison of phase II–III studies [46 – 48] on tivantinib: second line, MET-high hepatocellular carcinoma

 Phase II Phase III

tivant inib
(n = 22)

placebo
(n = 15)

HR p 
value

tivantinib
(n = 226)

placebo
(n = 114)

HR p 
value

MET-high, overall 48% – – 100% – –
Sample before SOR 40% – – 33% (197) – –
Sample after SOR 82% – – 67% (394) – –

Median OS (95% CI),
months 7.2 (3.9 – 14.6) 3.8 (2.1 – 6.8) 0.38 (0.18 – 0.81) 0.01 8.4 (6.8 – 10.0) 9.1 (7.3 – 10.4) 0.97 (0.75 – 1.25) 0.81

Median PFS (95% CI),
months 2.2 (1.4 – 4.6) 1.4 (1.4 – 1.4) 0.45 (0.21 – 0.95) 0.02 2.1 (1.9 – 3.0) 2.0 (1.9 – 3.6) 0.96 (0.75 – 1.22) 0.72

SOR, sorafenib; OS, overall survival; PFS, progression-free survival.

 Table 5. Phase III clinical trials: advanced stage, second line versus placebo

Study arm vs.
placebo arm

BRISK-PS
(brivanib) [44]

EVOLVE-1
(everolimus) [45]

REACH
(ramucirumab) [50]

S-CUBE
(S-1) [52]

RESORCE
(regorafenib) [54]

METIV-HCC
(tivantinib) [48]

KEYNOTE-240
(pembrolizumab) [69]

Intolerance
to sorafenib

12 – 13% 18.5 – 20% 13 – 15% 30.6 – 33.8% 0% 17 – 21% –

Stratification 
factor

Reason for sorafenib 
discontinuation
ECOG PS score
Extrahepatic spread 
and/or vascular 
invasion

Region
Macrovascular 
invasion

Region
Cause of liver 
disease

Medical institutions
Extrahepatic metastasis 
and/or vascular invasion

Region
ECOG PS score
Extrahepatic spread
Vascular invasion
AFP

Extrahepatic spread
Vascular invasion
AFP

Region
Vascular invasion
AFP

After the BRISK-PS trial, where AFP and MVI imbalance was observed in the testing arm, AFP and MVI started to be included as independent stratification factors in the recent 
trials, although they are known to be prognostic factors. ECOG PS, Eastern Cooperative Oncology Group performance status; AFP, α-fetoprotein; MVI, macroscopic vascular invasion.
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set as independent stratification factors; (3) AFP  ≥ 400 
ng/mL was included as a stratification factor; and (4) tol-
erability was strictly defined as receiving sorafenib  ≥ 400 
mg daily for at least 20 of the last 28 days of treatment 
( Table 7 ). Compared with previous negative phase III sec-
ond-line trials, the only difference in the patient charac-
teristics in the RESORCE trial was the absence of patients 
intolerant to sorafenib ( Table 8 ). This superb trial design 
led to the positive results of the RESORCE study  [3] .

   Cabozantinib . Cabozantinib is a dual inhibitor of 
MET/VEGFR2 in tumors. On October 16, 2017, the re-
sults of phase 3 CELESTIAL trial of cabozantinib were 
released by press to be positive by meeting its primary 
endpoint of prolonging its overall survival in patients 
with advanced HCC. The details will be presented in the 
future congress and journal. In the near future, we will 
have another second-line agent for HCC.

  Major Difficulties Associated with Clinical Trials of 
Molecular Targeted Agents in HCC 
 Many clinical trials of molecular targeted agents did 

not meet their primary endpoints of prolonging OS, pos-
sibly because of the uniqueness of the treatment strategies 
and modalities with regard to HCC.

  Molecular and Biological Heterogeneity of HCC 
 HCCs are very heterogeneous, as is reflected in the tu-

morigenesis of HCC. The inclusion criteria of clinical tri-
als are mainly based on liver function and tumor stage 
(e.g., Child-Pugh class A and the presence of extrahe-
patic spread and/or vascular invasion). However, the re-
cruited patients do not show uniformity in the biological 
characteristics of the tumors. Therefore, refined patient 
selection by biomarkers (e.g., genetic abnormalities and 
expressed proteins) was recently proposed  [55] . For ex-
ample, c-MET overexpression was used as a biomarker in 
trials of tivantinib  [46–48] , and RAS was used as a bio-
marker in a trial of an MEK inhibitor  [56] . A trial of an 
FGFR inhibitor using FGF19 as a biomarker is currently 
ongoing. However, following the negative outcomes of a 
phase III study of tivantinib  [48]  and this phase II study 
of an MEK inhibitor, development of the two agents was 
halted. A biomarker selection-based trial design alone 
may not be sufficient to overcome the difficulties associ-
ated with HCC trials; other trial designs may be more im-
portant and should be refined.

  Liver Cancer with Cirrhosis 
 HCC is frequently associated with liver cirrhosis. Liver 

cirrhosis poses a considerable problem unique to HCC. 

Because liver function can be impaired in patients with 
cirrhosis, drugs tend to exert profound toxic effects, 
sometimes at an irrecoverable level. In such cases, the ex-
pected drug effect may not be exerted because dose reduc-
tions and interruptions are often inevitable. The balance 
between the potency and the toxicity of an agent is impor-
tant for the development of new agents for the treatment 
of HCC.

  Importance of the Stratification Factor 
 The design of a clinical study strongly influences the 

study outcomes. For example, the stratification factor 
“vascular invasion and/or extrahepatic spread versus nei-
ther of them” has typically been used  [29–31] ; however, 
the effect of vascular invasion on prognosis is consider-
ably stronger than the effect of extrahepatic spread. In 
fact, an imbalance in the presence of vascular invasion 
favoring placebo may explain the lack of differences in OS 
between brivanib and placebo as second-line therapy  [3, 
44] . Different results may be obtained if patients with 

 Table 7. Reasons for the success of the RESORCE trial (regorafenib)

Good anticancer activity of the agent (compared to placebo)
Acceptable toxicity and tolerability (only patients tolerant to 

sorafenib)
Superb trial design

Decreasing the imbalance of strong prognostic factors 
(AFP and vascular invasion were independent stratification 
factors)
Decreasing post-trial treatment because of the short 
post-progression survival

aRegorafenib

Progression on sorafenib
(long SD and acquired 

resistance
to sorafenib)  

Survival benefit
(+) with evidence

Rapid progression on
sorafenib

(primary resistance
to sorafenib)  

Survival benefit
should be
explored

Intolerant to sorafenib Not
recommended

for useStill unmet clinical needs

  Fig. 1.  Regorafenib use in practice. SD, stable disease. 
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high AFP values are assigned equally to each group, as 
observed in the REFLECT trial (lenvatinib), which 
achieved noninferiority but could not achieve superiority 
to sorafenib  [35] .

  Post-Trial Treatment 
 In the treatment of HCC, locoregional approaches are 

generally used, often proactively, even in patients with 
Child-Pugh class B or C cancer  [57–61] . The patients 
were repeatedly treated locoregionally after the trial, us-
ing TACE, ablation, or HAIC, which resulted in improved 
post-progression survival, and this likely explains the lack 
of a difference in OS despite a significant difference in 
PFS. Post-trial treatment is therefore a major factor dis-
tinguishing HCC from other solid cancers.

  Another issue unique to HCC is that trials of second-
line therapies involve patients that have progressed on 
and those intolerant to sorafenib. Those who have pro-
gressed on sorafenib will have a poor prognosis because 
they have already experienced ineffective sorafenib treat-
ment. However, those who are intolerant to sorafenib will 
often have considerably better liver function and tumor 
status because they may have discontinued sorafenib ear-
ly and therefore can undergo several post-trial treat-
ments, resulting in improved post-progression survival 
without any difference in OS ( Fig. 2 )  [62] .

  Immune Checkpoint Inhibitors 

 Immune Checkpoint Inhibitors 
 PD-1 was discovered by Tasuku Honjo in 1992 in a 

search for molecules inducing T-cell apoptosis  [63] . It 
was later identified as a receptor that negatively regulates 
immune responses. After the discovery of the PD-1 li-
gands PD-L1 and PD-L2 in 2000  [64] , blockade of the 
PD-1/PD-L1 pathway was shown to cancel tumor-in-
duced immune suppression to restore intrinsic immune 
activities, thereby killing tumors. Treatment strategies 
based on anti-PD-1/PD-L1 agents that inhibit this path-
way were subsequently developed. Blockade of CTLA-4, 
discovered by James Allison in 1995  [65] , was also report-
ed to induce rejection of tumors in mice  [66] . Such mol-
ecules regulating T-cell activities and their inhibitors are 
referred to as immune checkpoint molecules and im-
mune checkpoint inhibitors, respectively. In relation to 
HCC treatment, trials of anti-PD-1 antibodies (nivolu-
mab and pembrolizumab), anti-PD-L1 antibodies (ave-
lumab, durvalumab, and atezolizumab), and anti-
CTLA-4 antibodies (ipilimumab and tremelimumab) are 
currently underway.

  Nivolumab 
 Nivolumab (recombinant) is the world’s first human-

ized monoclonal IgG 4  antibody to human PD-1. Promis-

 Table 8. Phase III trials: second line

RESORCE
regorafenib arm [52]
(n = 379)

BRISK-PS
brivanib arm [44]
(n = 263)

EVOLVE-1
everolimus arm [45]
(n = 362)

REACH
ramucirumab arm [50]
(n = 283)

Male 88% 82% 84% 83%
Median age (range), years 64 (19 – 85) 64 (19 – 89) 67 (21 – 86) 64 (28 – 87)
Asian 41% 48% 38% 46%
ECOG PS 0/1 65/35% 57/39% 59/36% 56/44%
Child-Pugh class A 98% 92% 98% 98%
BCLC stage B/C 14/86% 9/87% 13.5/86.5% 12/88%
MVI 29% 31% 33% 29%
EHS 70% 65% 74% 73%
MVI and/or EHS 80% – 83% –
Etiology

Alcohol 24% 23% 18% –
HBV 38% 39% 25% 35%
HCV 21% 28% 26% 27%
NASH 7% – 4% –

Intolerance to sorafenib 0% 13% 19% 13%

ECOG PS, Eastern Cooperative Oncology Group performance status; BCLC, Barcelona Clinic Liver Cancer; MVI, macroscopic vas-
cular invasion; EHS, extrahepatic spread; NASH, nonalcoholic steatohepatitis.
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ing outcomes were reported in a phase I/II trial of 
nivolumab for the treatment of HCC (Checkmate-040), 
including an ORR of 20% (including 2 cases of complete 
response) and a disease control rate of 67%; a long-lasting 
durable response in patients showing an objective re-
sponse was also characteristic of nivolumab therapy  [67] . 
A trial examining a larger number of cases is currently 
underway, and the update presented at ASCO 2017 was 
again promising: OS with nivolumab was 28.6 months 
among sorafenib-naïve patients and 15 months among 
sorafenib-experienced patients  [68] . A head-to-head 
phase III trial comparing nivolumab and sorafenib is also 
ongoing. Following the outcomes of the above-men-
tioned phase I/II trial  [35] , the FDA approved nivolumab 
as second-line treatment for HCC in September 2017 in 
the USA.

  Pembrolizumab 
 Pembrolizumab (recombinant) is another humanized 

monoclonal IgG 4  antibody to human PD-1. Following a 
phase II study on HCC, a phase III placebo-controlled 
study examining second-line pembrolizumab in patients 
who have progressed on or are intolerant to sorafenib is 
currently underway  [69] .

  Other Immune Checkpoint Inhibitors 
 All anti-PD-L1 antibodies, avelumab as a monothera-

py, atezolizumab in combination with the anti-glypican-3 
antibody codrituzumab, and durvalumab in combination 
with the anti-CTLA-4 antibody tremelimumab, are cur-
rently being evaluated in phase I or phase II studies. In-
hibitory antibodies against other suppressive immune 
checkpoint molecules such as TIM3 and Lag3 and agonis-
tic antibodies to OX40 are being investigated in early-
stage studies.

  Combination Therapy Using an Immune Checkpoint 
Inhibitor with a Molecular Targeted Agent 
 The results of an open-label phase Ib trial assessing the 

efficacy and safety of lenvatinib plus pembrolizumab 
were reported at ESMO 2016. Among 13 cases of solid 
tumors, a partial response was achieved in 9 cases and 
stable disease was achieved in 4 cases; this amazing anti-
tumor effect had an ORR of 69.2% and a disease control 
rate of 100%  [70] . The efficacy of an immune checkpoint 
inhibitor in combination with a molecular targeted agent 
has attracted much interest in recent years. A clinical tri-
al investigating the efficacy of such combination treat-
ment for HCC has already started in Japan and the USA 
(NCT03006926). The approach is extremely promising 
because of the additive therapeutic effect of the two agents 
and the synergistic effect by improving the tumor-in-
duced immunosuppressive microenvironment.

  Need for Biomarkers 
 The indications for ipilimumab (anti-CTLA-4 anti-

body) and nivolumab (anti-PD-1 antibody), which were 
first approved for use in the treatment of malignant mel-
anoma, are gradually expanding. These agents, which ex-
ert favorable therapeutic effects mediated by unique an-
titumor mechanisms, benefit many patients; however, the 
high cost of treatment is a social problem and a healthcare 
financial burden. Consequently, there is an increasing 
need to establish appropriate biomarkers to identify pa-
tients who will respond to specific agents or will have ad-
verse events. Given that pembrolizumab is available to 
patients with PD-L1-positive non-small cell lung cancer, 
establishing biomarkers will help reduce medical costs. 
Possible current biomarkers predictive of a response to 
immune checkpoint inhibitors are PD-L1 expression, tu-
mor-infiltrating lymphocytes, or the mutation burden of 
each patient.

PFS Example: HR = 0.66

Median PFS

OS HR 1.0

Median PFS     Median PPS
  Fig. 2.  Relationship between progression-
free survival (PFS) and overall survival 
(OS). The HR comes close to 1.0 if post-
progression survival (PPS) becomes long 
due to effective post-trial treatment. 
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  In May 2017, the FDA approved pembrolizumab for 
the treatment of any solid tumor confirmed to have high 
microsatellite instability or deficient mismatch repair  [71, 
72] . This marks the first approval of a cancer treatment 
based on specific genetic abnormalities rather than the 
organ where the tumor originated and points to a future 
of biomarker-based treatment selection.

  Conclusion 

 This article outlined most of the current systemic 
therapies and ongoing clinical trials for HCC. Among the 
molecular targeted agents, regorafenib was approved for 

the treatment of HCC as a second-line agent, and lenva-
tinib will become clinically available as a first-line agent 
in 2018. Although increased options for treatment com-
bining molecular targeted agents and immune check-
point inhibitors will benefit HCC patients, adequate se-
lection of a treatment strategy may become a more im-
portant issue.
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inhibition of Tim-3, triggering anticancer immunity mediat-
ed by immunostimulatory cytokines such as IL-12. Studies 
such as these may provide insight into the appropriate mo-
lecular targeted agents to be used with immune checkpoint 
inhibitors.  © 2017 S. Karger AG, Basel 

 Introduction 

 Clinical trials are currently ongoing to evaluate the 
utility of antibodies against programmed cell death 1 
(PD-1), programmed cell death-ligand 1 (PD-L1), and 
cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4), 
as monotherapy or combination therapy, in patients with 
hepatocellular carcinoma (HCC). This article reviews 
current knowledge of immune checkpoint inhibitors and 
trends in clinical trials for HCC.

  Theoretical Basis of Enhanced Tumor 
Immunoreactivity by Immune Checkpoint Inhibitors 

 During carcinogenesis, the transformation of cancer 
cells is associated with recognition of tumor-associated 
antigens (TAAs) by a group of proteins called the major 
histocompatibility complex (MHC) on the surface of an-
tigen-presenting cells. These cells subsequently migrate to 
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 Abstract 
 Clinical trials are currently ongoing to evaluate the utility of 
antibodies against programmed cell death 1 (PD-1), pro-
grammed cell death-ligand 1 (PD-L1), and cytotoxic T-lym-
phocyte-associated antigen 4 (CTLA-4) as monotherapy or 
combination therapy in patients with hepatocellular carci-
noma (HCC). Results of combination treatment with the anti-
PD-L1 antibody durvalumab and the anti-CTLA-4 antibody 
tremelimumab in HCC were presented at the 2017 annual 
meeting of the ASCO (American Society of Clinical Oncolo-
gy). Response rates were 25% in all 40 patients and 40% in 
the 20 uninfected patients, both of which are encouraging. 
Transcatheter arterial chemoembolization and radiofre-
quency ablation can activate tumor immunogenicity by re-
leasing tumor-associated antigen and by inducing the mi-
gration of cytotoxic T lymphocytes to small intrahepatic 
metastatic nodules. Subsequent administration of anti-PD-1 
antibody could control these small intrahepatic metastatic 
nodules. In a nonclinical study, the combination of pembro-
lizumab and lenvatinib inhibited the cancer immunosup-
pressive environments induced by tumor-associated macro-
phages and regulatory T cells. This, in turn, decreased the 
levels of TGF-β and IL-10, the expression of PD-1, and the 
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lymph nodes, where they present TAAs to T cell receptors 
(TCR) on the surface of immature T cells (signal 1). Im-
mature T cells cannot be activated by the binding between 
TAA and TCR (signal 1), but require a co-stimulatory sig-
nal (signal 2). This signal is generated when B7 proteins 
(CD80/B7-1 and CD86/B7-2) on antigen-presenting cells 
bind to CD28 on immature T cells, inducing the differen-
tiation of these T cells into CD8+ T cells (priming phase). 
Subsequently, activated T cells migrate through the blood-

stream to the tumor microenvironment, where they rec-
ognize TAAs presented by the MHC on tumor cells and 
begin to attack the cells by releasing perforin and gran-
zyme (effector phase) ( Fig. 1 ). This process has been called 
the conventional cancer immunity cycle ( Fig. 2 )  [1] .

  Although T cells are effective initially, they lose their 
effect relatively quickly. Previous attempts to enhance an-
ticancer immunity have involved the activation of im-
mune-stimulatory mechanisms by various modalities, in-
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  Fig. 1.  T cell-mediated cancer immunity including priming phase at the lymph nodes and effector phase at the 
cancer microenvironment.  

  Fig. 2.  The immune system is capable of eliminating tumor cells through 7 steps. Adapted from Chen and Mell-
man  [1] . 
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cluding peptide, dendritic cell, cytokine, and lymphokine-
activated killer cell therapy. These attempts, however, 
seldom produced satisfactory results, largely because the 
body’s innate immune system, which negatively regulates 
immune responses (immune evasion mechanism), was 
incompletely understood. In reality, attempts to progres-
sively enhance immune responses reinforce an immune 
system that negatively regulates immune response in reac-
tion to positive regulation. These theoretical and practical 
reasons may explain the failure of previous studies that 
employed immunostimulatory therapy alone.

  In humans, immune escape in cancer is mediated 
largely by two mechanisms: one in the lymph nodes and 
the other in the tumor microenvironment.

  Cancer Immune Escape and Inhibitors 

 CTLA-4 Pathway and Inhibitors 
 The CTLA-4 pathway regulates the proliferation of 

activated lymphocytes, primarily in the lymph nodes. 
CTLA-4 is constitutively expressed by regulatory T cells 

(Tregs), but is also expressed transiently by other types of 
T cells during the early phase of activation (within 24–48 
h). Because CTLA-4 has a  ≥ 10-fold greater affinity to B7 
than does CD28, the affinity of CTLA-4 to T cells acti-
vated via the B7/CD28 pathway (stimulatory signal 2) is 
 ≥ 10 times that of CD28. Thus, CTLA-4 binds to B7-1/
B7-2 by competing with CD28 and transmits inhibitory 
signal 2 to the T cell. Under normal physiological condi-
tions, CTLA-4 terminates T cell activity, which is no lon-
ger needed to regulate excessive immune response medi-
ated by T cells. However, in cancer, CTLA-4 suppresses 
the proliferation (activation and production) of T cells 
that have undergone TAA recognition and differentia-
tion ( Fig. 3 ,  4 ).

  The immunosuppressive mechanism underlying T 
cell activation in the lymph nodes can be counteracted by 
antibodies against CTLA-4. The first use of anti-CTLA-4 
antibody in cancer treatment was reported in 1996, with 
this antibody successfully eliminating tumor cells in mice.

  As described above, CTLA-4 is expressed at high levels 
by Tregs. Accordingly, one of the actions of anti-CTLA-4 
antibody may be to downregulate Tregs in the tumor mi-

Antigen-presenting cell

Fi
rs

t s
ig

na
l

Fi
rs

t s
ig

na
lB7 B7

CD28 CTLA-4

T cell

Se
co

nd
 s

ig
na

l
(s

tim
ul

at
or

y)

Se
co

nd
 s

ig
na

l
(in

hi
bi

to
ry

)

T cell activated T cell inactivated

Stimulatory InhibitoryLymph node

MHC

TCR TCR

MHC

+ –

  Fig. 3.  There are 2 immune regulatory co-signals: stimulatory and inhibitory co-signals. These are called immune 
checkpoints. Since affinity of CTLA-4 to B7 is 10 times stronger than that of CD28, second inhibitory co-signal 
induces T cell in activation.   

－917－



 Kudo

 

Oncology 2017;93(suppl 1):147–159
DOI: 10.1159/000481245

150

Cancer cell

Fi
rs

t s
ig

na
l

Fi
rs

t s
ig

na
l PD-L1

PD-1

T cell

Se
co

nd
 s

ig
na

l
(in

hi
bi

to
ry

)

Tumor attack by CTL Immune tolerance/escape

Stimulatory InhibitoryCancer cell

TCR

MHC

Perforin
Granzyme

Attack

+ –

STAT3

MHC

TCR

  Fig. 5.  Immune regulatory co-signaling (immune checkpoints: stimulatory and inhibitory) in cancer microenvi-
ronment. At the tumor microenvironment, cytotoxic T cell is inactivated by secondary inhibitory signal through 
the PD-1/PD-L1 pathway by IFNγ produced by transient activation of CTL.   

MHC TCR

PD-L1
PD-L2

PD-1

CD28

CTLA-4
PD-L1

PD-1

MHC

SHP2

TCR

TT cell inactivation by inhibitory co-signal Immune tolerance/escape

APC T cell Tumor

Tumor-associated 
antigen (TAA)

Lymph node Cancer cell

 B7.1 (CD80)
B7.2 (CD86) ––

++

  Fig. 4.  T cell inactivation and cancer immune escape by CTLA-4, PD-1, and PD-L1. As a result, T cell is failed to 
be activated at the lymph node.   

－918－



 Immuno-Oncology in Hepatocellular 
Carcinoma: 2017 Update 

Oncology 2017;93(suppl 1):147–159
DOI: 10.1159/000481245

151

croenvironment. Clinical studies are currently underway 
to aggressively evaluate the efficacy of the anti-CTLA-4 
antibodies ipilimumab and tremelimumab.

  The PD-1/PD-L1 Pathway and Its Inhibitors 
 PD-1, a receptor for co-inhibitory signals, is expressed 

by T cells and B cells, and in bone marrow, and inhibits 
antigen-specific activation of T cells by binding to PD-L1/
PD-L2. PD-L2 is expressed only by dendritic cells, where-
as PD-L1 is expressed by dendritic cells and various tissue 
types, including blood vessels, heart, lungs, and placenta.

  PD-1 is barely detected in normal mice or in periph-
eral blood of healthy humans, whereas it is expressed in 
the late phase of T cell activation in response to infection 
and inflammation. Under these conditions, PD-1 is ex-
pressed at particularly high levels by effector T cells cir-
culating in peripheral blood.

  In contrast to PD-1, PD-L1 is expressed constitutively 
in peripheral tissues under normal physiologic condi-
tions. Upon induction of an immune response, almost all 
immunocompetent cells, including T cells and B cells, 
start to express PD-L1. In addition, most cancer cells ex-
press PD-L1 through a mechanism described below. 

  By contrast, the expression and function of PD-L2 are 
limited because it is expressed only by antigen-presenting 
cells and is involved in the activation of T cells in the 
lymph nodes. This may explain why the effect of PD-L2 
is thought to play a limited role in cancer immunity, 
whereas anti-PD-1 antibody and anti-PD-L1 antibody 
are comparably effective.

  Upon recognition by surface TCR of tumor antigens 
presented by the MHC, activated T cells transmit a signal 
to attack cancer cells by releasing perforin or granzyme 
and simultaneously delivering cytokines, mainly interfer-
on γ, to cancer cells. In response to this stimulation, can-
cer cells express PD-L1, which binds to PD-1 as a defense 
mechanism. This results in the transmission of inhibitory 
signals to cytotoxic T lymphocytes, thereby reducing 
their potency (immune evasion or immune tolerance) 
( Fig. 5 ). 

  If anti-PD-1 antibody is administered at this point, it 
will unlock the negative regulation of the immune re-
sponse, and enable recovery of the ability to attack cancer 
cells ( Fig. 6 ). That is, unlike conventional chemotherapy 
or molecular targeted therapy, antibody therapy im-
proves the potency of attack on cancer cells by restoring 
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the function of the innate anticancer immune system, a 
powerful and precise weapon against cancer  [2–13] . Anti-
PD-L1 antibody has similar effects  [14] . In addition, PD-
L1 is reported to be a biomarker that can predict the effect 
of anti-PD-1 antibody  [15] . However, some patients with 
tumors that do not express PD-L1 have also been found 
to benefit from anti-PD-1 antibody.

  Development and a Trend of Immune Checkpoint 
Inhibitors for HCC 

 Interim results of the phase I/II CheckMate 040 clini-
cal trial of the anti-PD-1 antibody nivolumab in patients 
with HCC were reported at the 2015 annual meeting of 
the American Society of Clinical Oncology (ASCO), held 
in Chicago, IL, USA  [16] . Subsequent study outcomes 
were presented at the ASCO meetings in 2016 and 2017, 
and the results of the trial were published in  The   Lancet  
 [17] . Based exclusively on these study outcomes, the 
United States Food and Drug Administration approved 
nivolumab as second-line treatment agent for HCC in 
September 22, 2017.

  The findings of the dose escalation phase of this phase 
I/II trial confirmed the safety of nivolumab, at a dose of 
3 mg/kg, in HCC patients infected with hepatitis C virus 
(HCV) or hepatitis B virus (HBV) infection, and at doses 
up to 10 mg/kg in HCC patients without infection. More-
over, the effectiveness and safety of this agent were evalu-
ated in the 214 patients in the dose escalation and dose 

expansion cohorts. Among the 144 (67%) patients with 
extrahepatic metastases and the 63 (29%) with vascular 
invasion, 42 (20%) showed a favorable response to nivo-
lumab, including 3 patients who achieved complete re-
sponse (CR). Also, disease progression was suppressed in 
138 of the 214 (64%) patients, and the 9-month survival 
rate was as high as 74%. These results are considered 
highly promising, especially because this group of pa-
tients had highly advanced HCC. 

  The waterfall plots show comparable tumor-reducing 
effects of nivolumab in 3 types of patients, patients with-
out viral hepatitis, whether untreated with or intolerant 
to sorafenib or progressing on sorafenib, and those in-
fected with HBV or HCV infection, although the effect of 
nivolumab appeared to be slightly weaker in the HBV 
group. Some patients began to respond to this drug with-
in 3 months of first administration, with responses being 
durable for a long period of time. The spider plots also 
show that this effect was durable not only in patients who 
achieved CR or partial response, but also in patients with 
stable disease. However, the drug was ineffective in 30–
40% of these patients, with some showing rapid exacerba-
tion of disease, suggesting that this may be the limit of 
monotherapy.

  The 3 patients who achieved CR did so during the ear-
ly phase of treatment (3–10 months) and currently re-
main disease-free, including one each for  ≥ 25 months 
and  ≥ 33 months. Similarly, most patients with partial re-
sponse and stable disease have maintained the disease 
state, with few developing progressive disease due to the 

 Table 1.  Immune checkpoint inhibitors in HCC clinical trials

Target cell Target 
molecule

Development 
code

Drug name Commercial name Antibody Company

T lymphocyte PD-1 BMS-36558
ONO-4538

Nivolumab Optivo Fully human 
IgG4 antibody

ONO/BMS

PD-1 MK-4375 Pembrolizumab Keytruda Humanized 
IgG4 antibody

Merck

Tumor cell PD-L1 MPDL3280A Atezolizumab Not yet approved Fully humanized 
IgG1 antibody

Roche

PD-L1 MEDI4736 Durvalumab Not yet approved Humanized IgG1 
antibody

AstraZeneca

PD-L1 MSB-0010718C Avelumab Not yet approved Humanized IgG1 
antibody

Merck-serono

T lymphocyte CTLA-4 BMS-734016 Ipilimumab Yervoy Fully humanized 
IgG1 antibody

BMS
Medarex

CTLA-4 MEDI1123 Tremelimumab Not yet approved Fully humanized 
IgG2 antibody

AstraZeneca
MedImmune
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development of drug tolerance. Accordingly, the treat-
ment efficacy of the anti-PD-1 antibody, nivolumab has 
been sustained (durable response) in patients with HCC, 
similarly to findings in other types of cancer. This treat-
ment outcome is typical of immune checkpoint inhibi-
tors, and thus, deserves attention. It should also be noted 
that, despite nivolumab treatment being terminated a few 
months after the 2 above patients attained CR, both have 
continued to maintain CR to date. Furthermore, the in-
terim results presented at the 2015 annual meeting of 

ASCO included a patient with HCC who initially had in-
numerable tumors in both lobes, all of which disappeared 
after 6 weeks of treatment as well as showing a reduction 
in the α-fetoprotein level from 21,000 to 283 ng/mL. An-
other HCC patient initially had a tumor measuring  ≥ 10 
cm in diameter, but this tumor shrunk dramatically to 
about 2 cm after 48 weeks of treatment. Although liver 
damage was the most worrisome anticipated grade 3–4 
treatment-related side effect, only 9 patients (4%) devel-
oped elevated aspartate aminotransferase and only 6 (3%) 

 Table 2. Immune checkpoint inhibitors: ongoing trials

Drug Trial name Clinicaltrials.gov 
No.

Company Phase Subjects, 
n

Line 
of therapy

Design Endpoint Status

Nivolumab
Nivolumab 
(PD-1 Ab)/
Ipilimumab 
(CTLA-4 Ab)

CheckMate 040 NCT01658878 BMS/ONO I/II 42 1 L/2 L cohort 1: dose 
escalation

DLT/
MTD

completed

CheckMate 040 NCT01658878 BMS/ONO I/II 214 1 L/2 L cohort 2: dose 
expansion

ORR completed

CheckMate 040 NCT01658878 BMS/ONO I/II 200 1 L cohort 3: nivolumab 
vs. sorafenib

ORR completed

CheckMate 040 NCT01658878 BMS/ONO I/II 120 2 L cohort 4: nivolumab + 
ipilimumab

safety /
tolerability

completed

CheckMate 040 NCT01658878 BMS/ONO I/II – 1 L cohort 5: nivolumab 
(Child-Pugh B)

ORR recruiting

CheckMate 040 NCT01658878 BMS/ONO I/II – 1 L cohort 6: nivolumab + 
cabozantinib

ORR recruiting

CheckMate 040 NCT01658878 BMS/ONO I/II – 1 L cohort 7: nivolumab + 
ipilimumab + 
cabozantinib

ORR recruiting

Che ckMate 459 NCT02576509 ONO III 726 1 L nivolumab vs. 
sorafenib

OS completed

Pembrolizumab
Pembrolizumab 
(PD-1 Ab)

KEYNOTE-224 NCT02702414 MSD II 100 2 L pembrolizumab 
(1 arm)

ORR completed

Pembrolizumab 
(PD-1 Ab)

KEYNOTE-240 NCT02702401 MSD III 408 2 L pembrolizumab 
vs. placebo

PFS/OS recruiting

Durvalumab
Durvalumab 
(PD-L1 Ab)/
Tremelimumab 
(CTLA-4 Ab)

– NCT02519348 AstraZeneca II 144 1 L/2 L durvalumab 
(arm A)

safety/
tolerability

recruiting

tremelimumab 
(arm B)
durvalumab + 
tremelimumab 
(arm C)

Durvalumab + 
Tremelimumab

– NCT028211754 AstraZeneca I/II – TACE/RFA 1 arm safety/ 
tolerability

recruiting

MSBoo11359C 
(PD-L1 Ab + 
TGFB Trap)

– NCT02699515 Merck-serono I – 1L 1 arm safety/ 
tolerability

recruiting

DLT, dose-limiting toxicity; MTD, maximum tolerated dose; ORR, objective response rate; TTP, time to progression; OS, overall survival; PFS, pro-
gression-free survival.

－921－



 Kudo

 

Oncology 2017;93(suppl 1):147–159
DOI: 10.1159/000481245

154

developed elevated alanine aminotransferase, rates com-
parable to those observed in patients with other types of 
cancer. Furthermore, severe liver damage associated with 
viral hepatitis was not observed.

  In summary, (1) the safety profile of monotherapy 
with the anti-PD-1 antibody, nivolumab was satisfactory 
in patients with HCC, as in other types of cancer; (2) 
nivolumab could be used safely in HCC patients infected 
with HBV or HCV; and (3) nivolumab had a remarkably 
high response rate as an immunotherapeutic agent with 
long-lasting efficacy. The durable response of nivolumab 
was comparable among different cohorts (patients with-
out viral hepatitis and those infected with HBV or HCV) 
regardless of drug dose or etiology.

  Follow-up results presented at the 2017 annual meet-
ing of ASCO showed that the median overall survival was 
28.6 months in the sorafenib-naive group and 15.6 
months in the sorafenib-experienced group, both of 
which are considered astounding  [18] .

  Other Currently Ongoing Clinical Trials 

  Table 1  shows immune checkpoint inhibitors that are 
currently being evaluated in patients with HCC. At pres-
ent, 5 cohorts are being evaluated in the phase I/II Check-

Mate 040 study: a dose escalation cohort (cohort 1), a 
dose expansion cohort (cohort 2), a randomized compar-
ative trial with sorafenib (cohort 3), a cohort consisting of 
patients concurrently treated with nivolumab and the 
CTLA-4 antibody ipilimumab (cohort 4), and a cohort of 
patients with Child-Pugh class B liver function (cohort 5) 
( Table 2 ).

  The results of the phase I/II CheckMate 040 study have 
led to the design of a phase III clinical trial directly com-
paring sorafenib and nivolumab, a trial currently under-
way. Another trial is evaluating the efficacy of the anti-
PD-1, pembrolizumab as second-line therapy after 
sorafenib failure. Early approval of either or both of these 
anti-PD-1 antibodies nivolumab and pembrolizumab is 
anxiously awaited.

  Compared with anti-PD-1 antibody, the side effects of 
anti-CTLA-4 antibody tend to be slightly more severe in 
patients with HCC  [19] .

  Combination Therapy with Immune Checkpoint 
Inhibitors 

 Antibody therapy against PD-L1 and CTLA-4, in ad-
dition to PD-1, appears promising as immunotherapy for 
HCC. Indeed, studies evaluating combination therapy 

Immune checkpoint inhibitors
(Anti-PD-1/PD-L1 antibodies)

Resection
or RFA

TACE

HAIC

TKIs

Cytotoxic agent

Other immune checkpoint inhibitors:
Blocking agents: anti-CTLA-4, anti-LAG-3, and anti-TIM-3 antibodies
Stimulating agents: OX40 agonist and CD 137 agonist

Future direction: combination therapy

Combination with locoregional therapy
or other immune checkpoint inhibitors/TKIs
Clinical trials of some have already started

  Fig. 7.  Future direction of treatment strategy with immune checkpoint inhibitors is a combination therapy with 
other check point inhibitor/stimulators, tyrosine kinase inhibitors (TKIs), transarterial chemoembolization 
(TACE) and resection or ablation. RFA, radiofrequency ablation; HAIC, hepatic arterial infusion chemotherapy.   
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with multiple immune checkpoints such as anti-PD-1 an-
tibody plus anti CTLA-4 antibody, are currently under-
way ( Fig. 7 ). This combination is very effective in patients 
with malignant melanoma  [20, 21] , and is being studied 
in patients with HCC  [22] . A rationale for combination 
therapy with antibodies against PD-1/PD-L1 and CTLA-
4 is that inhibition of the PD-1 and PD-L1 pathways can-
not stimulate cancer immunity when target lymphocytes 
(CD8+ T cells) are absent from the tumor microenviron-
ment. However, concurrent use of anti-CTLA-4 antibody 
ensures inhibition of the B7-CTLA-4 pathway, resulting 
in CD8+ T cell proliferation in the lymph nodes and their 
infiltration into tumor tissues, thus strengthening antitu-
mor effects. In addition, anti-CTLA-4 antibody in the tu-
mor microenvironment can inhibit the tumor suppres-
sive effect of Tregs, which express surface CTLA-4. Based 
on this rationale, several studies are currently investigat-
ing the utility of combination therapy with antibodies 
against CTLA-4, PD-1, and PD-L1 in HCC ( Table 2 ).

  The efficacy of nivolumab and the anti-CTLA-4 anti-
body ipilimumab has been evaluated in the CheckMate 
040 study using various doses and intervals. Another 
current clinical trial is comparing the effects of combina-

tion therapy with the anti-PD-1 antibody and the anti-
CTLA-4 antibody tremelimumab and monotherapy with 
each antibody in patients with HCC. Treatment out-
comes from phase I of this phase I/II trial were presented 
at the 2017 annual meeting of ASCO, showing objective 
response rates of 25% in all 40 patients and 40% in the 20 
uninfected patients, findings considered quite encourag-
ing ( Table 3 )  [23] . The phase II study is scheduled to end 
in April 2018.

  Immune Checkpoint Inhibitors in Combination with 
Existing Locoregional Therapy 

 Other studies are evaluating a different treatment ap-
proach for HCC by combining immune checkpoint in-
hibitors and conventional locoregional therapy. Radio-
therapy and locoregional therapies, such as transcatheter 
arterial chemoembolization (TACE) and radiofrequency 
ablation (RFA), are thought to activate the immune sys-
tem and improve the effect of immunotherapy by induc-
ing local inflammation and the release of neoantigens. 
Accordingly, these locoregional therapies are particularly 

 Table 3. Phase I/II combination therapy with durvalumab (PD-L1 Ab) and tremelimumab (CTLA-4 Ab) in HCC

Investigator-assessed response HBV+ 
(n = 11)

HCV+ 
(n = 9)

Uninfected 
(n = 20)

All 
(n = 40)

Confirmed ORR (all PR), % (95% CI) 0 (0.0 – 28.5) 11.1 (0.3 – 48.2) 30.0 (11.9 – 54.3) 17.5 (7.3 – 32.8)
CR + PR (confirmed + unconfirmed), % (95% CI) 9.1 (0.2 – 41.3) 11.1 (0.3 – 48.2) 40.0 (19.1 – 63.9) 25.0 (12.7 – 41.2)
CR + PR + SD ≥16 weeks (DCR16), % (95% CI) 45.5 (16.7 – 76.6) 44.4 (13.7 – 78.8) 70.0 (45.7 – 88.1) 57.5 (40.9 – 73.0)

Adapted from Kelley et al. [23]. HCC, hepatocellular carcinoma; ORR, objective response rate; PR, partial response; CR, complete 
response; SD, stable disease, DCR, disease control rate.

 Table 4. Combination trials of immune checkpoint inhibitors with TKIs in HCC

Phase Target Agent Company Trial No.

Ib/II PD-1 + TGF-β receptor I nivolumab + galunisertib (LY2157299) Lilly NCT02423343
I PD-1 + multikinase pembrolizumab + lenvatinib Eisai NCT03006926
I PD-1 + multikinase pembrolizumab + nintedanib Gustave Roussy NCT02856425
I PD-1 + multikinase PDR001 + sorafenib Novartis NCT02988440
I/II PD-1 + c-Met PDR001 + capmatinib (INC280) Novartis NCT02795429
I PD-L1 + VEGF durvalumab + ramucirumab Astra Zeneca NCT02572687
I/II PD-1 + VEGF nivolumab + cabozantinib BMS NCT01658878
I/II PD-1 + CTLA-4 + VEGF nivolumab + ipilimumab + cabozantinib BMS NCT01658878

TKIs, tyrosine kinase inhibitors; HCC, hepatocellular carcinoma.
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useful for tumors that do not release enough TAA. A re-
cent clinical study reported the treatment efficacy of anti-
CTLA-4 antibody combined with locoregional therapy in 
patients with advanced HCC  [24] . In this study (NCT# 
01853618), the anti-CTLA-4 antibody tremelimumab 
was used as adjuvant therapy after performing TACE or 
RFA on some nodules in patients with advanced HCC. 
The rate of partial reduction was 26%, and median time 
to progression and overall survival were 7.4 and 12.3 
months, respectively. Moreover, this combination thera-
py increased the number of CD3+ and CD8+ cells in un-

treated nodules induced by locoregional therapy, a rare 
phenomenon referred to as the abscopal effect. 

  These findings suggest that immune checkpoint inhib-
itors (anti-PD-1, anti-PD-L1, and anti-CTLA-4 antibod-
ies) can be used in combination with TACE or as adjuvant 
therapy after resection or RFA ( Fig. 7 ).

  Tumor recurrence rates are particularly high in pa-
tients with HCC, even after curative treatment such as 
resection or RFA. This is largely attributable to microsat-
ellite lesions that were not detected by preoperative diag-
nostic imaging. Several clinical trials have evaluated the 

JapicCTI-173494. NCT03006926
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in Hepatocellular Carcinoma
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• Starting dose of
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• Dose of pembrolizumab:
  
• BCLC: Stage B or C
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• ECOG PS: 0–1

Primary endpoints

• Number of pts with any
  SAE and non-SAE  
• Dose-limiting toxicity
  

Expansion part

• n = –30

Study start date: January 2017
Estimated study completion date: June 2019

UMIN000026648
Study start date: February 2017
PI: Masatoshi Kudo (Kindai University) 
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• 1 year recurrence-free
  survival rate 

Single arm

• n = 55
Secondary endpoints

• Recurrence-free survival 
• 2 year recurrence-free
   survival rate  
• Overall survival 
• Tumor markers 
• Safety

Key inclusion criteria

• Initially diagnosed HCC with
  histological or radiological 
  confirmation.  
• Intermediate or high risk of 
  recurrence as determined by
  tumor characteristics.   
• No residual disease after 
  resection or complete RFA. 
• Child-Pugh A. 
• ECOG PS 0. 
• Adequate bone marrow, liver, 
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• Written IC.
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  Fig. 8.  Phase II exploratory trial design of 
adjuvant treatment with anti-PD-1 anti-
bodies in the prevention of recurrence after 
curative treatment of HCC, which is cur-
rently being conducted only in Japan. 
HCC, hepatocellular carcinoma; IC, in-
formed consent.   

  Fig. 9.  Phase Ib lenvatinib plus pembroli-
zumab in hepatocellular carcinoma, cur-
rently being conducted only in Japan. DLT, 
dose-limiting toxicity; BW, body weight; 
BCLC, Barcelona Clinic Liver Cancer; pts, 
patients; SAE, severe adverse effect.   
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effects of adjuvant treatment with interferon, retinoids, 
vitamin K, or sorafenib in patients with these microsat-
ellite lesions, but none has yielded positive outcomes 
 [25–28] .

  TACE  [29–32]  and RFA  [33–35]  induce tumor immu-
nogenicity by releasing TAA and stimulating the migra-
tion of cytotoxic T lymphocytes to small intrahepatic 
metastatic nodules. Thus, subsequent administration of 
an anti-PD-1 antibody may control these small intrahe-
patic metastatic nodules  [36] . For example, RFA was 
found to significantly increase the number of tumor an-
tigen-specific T cells in 62% of patients, confirming the 
release of TAA. This study also showed that recurrence-
free survival rates were significantly higher among pa-
tients with high levels of tumor antigen-specific T cells 
than among those with low levels of tumor antigen-spe-
cific T cells  [37] .

  An investigator-initiated clinical trial in Japan is ongo-
ing evaluating the utility of nivolumab as adjuvant thera-
py after resection  [38, 39]  or ablation. The combined use 
of immune checkpoint inhibitors under adjuvant condi-
tions after curative treatment with RFA is expected to 
serve as an appropriate treatment strategy for preventing 
recurrence of HCC ( Fig. 8 ).

  Concurrent Use of Immune Checkpoint Inhibitors 
and Molecularly Targeted Agents 

 Combination therapy with immune checkpoint inhib-
itors and molecularly targeted agents  [40, 41]  has received 
considerable attention in recent years. Factors that may 
contribute to the immunosuppressive hepatic environ-
ment in patients with liver cancer include hepatic inter-
stitial cells, such as Kupffer cells, dendritic cells, endo-
thelial cells, and hepatic stellate cells, and immuno-
suppressive cytokines, such as interleukin (IL)-10 and 
transforming growth factor (TGF)-β, as well as the PD-1/
PD-L1 pathway. This immunosuppressive environment 
may be inhibited by combinations of molecularly target-
ed agents and immune checkpoint inhibitors  [42, 43] .

   Table 4  shows ongoing clinical trials of combination 
treatments with immune checkpoint inhibitors and mo-
lecularly targeted agents. The efficacy of combination 
therapy with pembrolizumab and lenvatinib in HCC is 
being tested in Japan ( Fig.  9 ). Previous studies of this 
combination, presented at ESMO 2016 and ASCO 2017, 
reported high response rates (50–70%) and long-lasting 
drug effects (durable response) in patients with solid can-
cer such as renal and endometrial cancers  [44, 45] .
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  Fig. 10.  Mechanism of synergistic effect by a combination therapy of lenvatinib and PD-1 antibody.  a  Immuno-
suppressive microenvironment and PD-1/PD-L1 immunosuppression.  b  Lenvatinib and anti-PD-1/PD-L1 anti-
bodies synergistically induce PD-1/PD-L1 blockade and inhibit the immunosuppressive microenvironment.   
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  Unlike concurrent administration of 2 immune check-
point inhibitors (PD-1/PD-L1 antibody plus CTLA-4 an-
tibody), combinations with molecularly targeted agents 
should result in cancer cell suppression by 2 different 
mechanisms of action. In a preclinical study, pembroli-
zumab and lenvatinib inhibited cancer immunosuppres-
sive environments induced by tumor-associated macro-
phages and Tregs, reducing the levels of TGF-β and IL-10, 
the expression of PD-1, and the inhibition of Tim-3, and 
thereby triggering anticancer immunity mediated by im-
munostimulatory cytokines such as IL-12  [44]  ( Fig. 10 ). 
These studies may provide insight into the appropriate 
molecularly targeted agents to be used with immune 
checkpoint inhibitors.

  Conclusion 

 Patients who respond favorably to combinations of 
molecularly targeted agents and immune checkpoint in-
hibitors may show prolonged survival or achieve a cure 
 [46, 47]  ( Fig. 11 ). In addition to prolonging the survival 
of patients with HCC, combinations of immune check-
point inhibitors with molecularly targeted agents or lo-
coregional therapy may bring about a true cure, thus 
causing a paradigm shift in liver cancer therapy. Liver 
cancer represents a group of highly heterogeneous lesions 
with variable etiopathogenesis, including viral and non-
viral hepatitis. Many patients with liver cancer have im-
paired liver function and poor physical performance, re-

quiring a variety of treatment options. The invention of 
immune checkpoint inhibition and the combination 
strategies centered on checkpoint inhibitors may drasti-
cally change the conventional treatment algorithms for 
HCC.
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 Introduction 

 During tumor development, genetic and epigenetic al-
terations take place that lead to the transformation of he-
patocytes  [1–5] . These events induce several tumor-asso-
ciated antigens (TAAs), and a variety of nonsynonymous 
passenger mutations that could be a source of neoantigen 
and a target of antitumor immune response. 

  On the other hand, at the early stage of tumor develop-
ment, cancer cells are under surveillance of the immune 
system and could be eliminated by CD8 +  cytotoxic T cells 
that target TAAs and neoantigens. The extent of TAA-
specific CD8 +  T cell responses to hepatocellular carcino-
ma (HCC) is more prominent in patients with an early 
stage of tumor compared to those in the late stage, and are 
correlated with survival of the patients  [6] . On the con-
trary, immunosuppressive environment against cancer 
cells could develop during the progression of tumor, 
which is attributed to a selective pressure of the immune 
system on cancer cells. Consequently, less immunogenic 
tumor cells could survive and expand, which is a phe-
nomenon called immune editing  [7]  ( Fig. 1 ). During this 
process, several cytokines, chemokines, growth factors, 
and metabolites are released from immune cells as well as 
cancer cells, and contribute to the establishment of an im-
munosuppressive condition in tumor  [8, 9] . Importantly, 
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 During tumor development, several immunosuppressive 
molecules are released from cancer cells and contribute to 
the establishment of immunosuppressive tumor environ-
ment. In tumor tissues, cytokines, chemokines, growth fac-
tors, and metabolites are present and could counter the ef-
fects of immune checkpoint inhibitors. From this point of 
view, monotherapy of anti-PD-1/PD-L1 antibody might not 
be enough to exert a sufficient antitumor effect; additional 
blockade of immunosuppressive molecules in tumor micro-
environment could enhance the antitumor effect of anti-
PD-1/PD-L1 antibody. Importantly, the production of immu-
nosuppressive molecules in cancer cells is attributed to the 
activation of cellular signaling through genetic and epigen-
etic alterations and environmental stimulation, such as in-
flammation and hypoxia. In this review, we focus on the es-
tablishment of immunosuppressive microenvironment of 
hepatocellular carcinoma in the context of activation of on-
cogenic signals, and discuss how the immunosuppressive 
condition could be overcome using tyrosine kinase inhibi-
tors.  © 2017 S. Karger AG, Basel 
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cellular signals activated through genetic and epigenetic 
alterations could induce the production of immunosup-
pressive molecules in HCC tissues  [8] . In this review, we 
focus on the establishment of immunosuppressive mi-
croen vironment in the context of activation of oncogenic 
signaling.

  Activation of Oncogenic Signaling and 
Immunosuppressive Molecules 

 In melanoma cells, it is reported that constitutive acti-
vation of mitogen-activated protein kinase (MAPK) by 
gain-of-function BRAF mutation (BRAF V600 ) induces the 
increase in interleukin (IL)-6, IL-10, and vascular endo-
thelial growth factor (VEGF), and results in the recruit-
ment of myeloid-derived suppressor cells (MDSCs) and 
regulatory T (Treg) cells in tumor tissues  [10] . It also re-
duces the expression of major histocompatibility com-
plex class I molecule, and suppresses the CD8 +  T cells and 
natural killer (NK) cells in tumor microenvironment 
 [11–13] . Reportedly, MAPK inhibition increased the 
number of antigen-specific CD8 +  T cells in tumor, and 
more importantly, combination of MAPK/extracellular 
signal-regulated kinase (MEK) inhibition with anti-pro-
grammed death-ligand 1 (PD-L1) antibody induced a 
synergistic effect for tumor regression compared to 
monotherapy of MEK inhibitor or anti-PD-L1 antibody 
 [13, 14] . These observations indicate that activation of the 
oncogenic pathway in cancer cells could play an impor-

tant role for the establishment of immunosuppressive tu-
mor microenvironment.

  Induction of Growth Factors 
 So far, overexpression of VEGF and basic fibroblast 

growth factor are reported in HCC tissues compared to 
noncancerous livers  [15] . VEGF is known to induce 
MDSC accumulation, inhibit maturation of dendritic 
cells (DCs), and induce Treg cells  [16] . VEGF also exerts 
immunosuppressive function through the expression of 
immune checkpoint molecules on CD8 +  T cells, such as 
PD-1, T-cell immunoglobulin and mucin domain 3 
(TIM-3) and cytotoxic T-lymphocyte antigen-4 (CTLA-
4)  [16] . Expression of VGEF is reportedly controlled by 
microRNA (miR)-146a as well as hypoxia-inducible 
factor-1α (HIF-1α), and downregulation of miR-146a 
through DNA methylation takes place in HCC cells  [17] . 
High expression of transforming growth factor-β 
(TGF-β), which is known as an immune modulator, could 
also be a predictor of poor prognosis in HCC patients 
 [18] ; transcriptional expression of TGF-β is induced by 
the activation of β-catenin, which is one of the common-
ly mutated genes in HCC  [19] . Expression of TGF-β leads 
to the induction of Treg cells, inhibits DCs and NK cell 
activity  [20] , and induces expression of TIM-3 on tumor-
associated macrophages (TAMs)  [21] . Hypoxia in tumor 
cells also induces HIF-1α and results in the increase of 
several immune modulators, such as VEGF, platelet-de-
rived growth factor (PDGF), lactic acid, and adenosine 
 [22] .

Development of microenvironment related to
immune evasion 

HCC sensitive to
immune system 

immune-resistant
HCC 

Antitumor
immune cell 

Immuno-
suppressive cell 

Stromal cell

Emergence
of HCC 

Under surveillance of immune
system (NKs, CTLs) 

Immune editing Establishment of
immunosuppressive

condition
cytokines, chemokines,

growth factors, and
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  Fig. 1.  Development of immunosuppres-
sive environment in cancer. At the early 
stage of tumor, cancer cells are under sur-
veillance of natural killer cells (NKs) and 
cytotoxic T cells (CTLs). During this pro-
cess, less immunogenic cancer cells are se-
lected (immune editing). Immunosuppres-
sive cytokines, chemokines, growth factors, 
and metabolites are released from immune 
cells and cancer cells, and play a role for the 
development of immunosuppressive mi-
croenvironment in tumor at the advanced 
stage. HCC, hepatocellular carcinoma. 
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  Cytokines, Chemokines, and Metabolites  
 HCC cells also produce several cytokines, chemokines, 

and metabolites as immune modulators to the surround-
ing environment. Amphiregulin, the ligand of endothe-
lial growth factor receptor (EGFR), could be induced in 
Treg cells as well as tumor cells  [23] . Immunoregulatory 
enzyme, indoleamine 2,3-dioxygenase (IDO), is overex-
pressed in HCC cell lines and human HCC tissues, which 
is an independent prognostic factor for HCC patients 
 [24] . IDO is upregulated by proinflammatory cytokines, 
such as interferon-γ, and inhibits T-cell activation and 
promotes expansion of Treg cells  [25, 26] . Similarly, lactic 
acid, which is generated through glycolysis in tumor cells, 
stimulates the expression of VEGF and M2-like polariza-
tion of TAMs  [27] . Activation of NF-κB could also in-
crease the expression of immunosuppressive cytokines, 
such as IL-2, IL-6, and IL-8 in cancer cells; intratumoral 
CC chemokine ligand (CCL)-20 prompts the migration 
of Treg cells through its receptor CCR6 and plays a role 
for the establishment of immunosuppressive condition in 
HCC  [28] .

  Conclusion 

 The blockade of PD-1-PD-L1 axis is a promising ap-
proach for the control of advanced HCC; the phase I/II 
trials of nivolumab (CheckMate 040) showed an objective 
response rate of 20% and disease control was observed in 

64% of HCC patients  [29] . However, several immune 
modulators are expressed and released from cancer cells 
through the activation of cellular signaling, which is a 
consequence of genetic and epigenetic alterations and 
stimulation of environmental factors such as inflamma-
tion and hypoxia ( Fig. 2 ). Therefore, it is conceivable that 
combination with inhibitors of oncogenic signaling im-
proves the antitumor effect of anti-PD-1 and PD-L1 an-
tibody. For example, IL-6 and PD-L1 blockade combina-
tion reportedly inhibits HCC development in mouse 
model  [30] . Inhibition of C-X-C receptor type 4 in tumor 
microenvironment facilitates anti-PD-L1 immunothera-
py of mice HCC  [31] . Recently, it was also reported that 
PD-1 expression promotes tumor growth, where PD-1 
binds the downstream effectors of mammalian target of 
rapamycin (mTOR) and promotes their phosphoryla-
tion; the combination of mTOR inhibition with anti-
PD-1 antibody results in a synergic tumor regression 
 [32] . Based on these findings, clinical trials of immuno-
modulation of tumor microenvironment through inter-
vention of oncogenic signaling are ongoing  [33–39] . 
These trials include immune checkpoint inhibition com-
bined with tyrosine kinase inhibitors  [40, 41]  and other 
types of immune checkpoint inhibitors such as CTLA-4 
antibody as well as immune checkpoint therapy com-
bined with locoregional therapy such as resection  [42–
44] , ablation  [45, 46] , transarterial chemoembolization 
 [47, 48] , and hepatic arterial infusion chemotherapy  [49, 
50] .
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  Fig. 2.  Role of activation of oncogenic sig-
nal in cancer for development of immu-
nosuppressive microenvironment. Onco-
genic signal in hepatocellular carcinoma 
(HCC) cells, which is activated thorough 
genetic and epigenetic alterations and en-
vironmental factors, could induce the com-
ponents of tumor microenvironment, such 
as regulatory T (Treg), tumor-associated 
macrophages (TAM), myeloid-derived 
suppressor cells (MDSC), and cancer-asso-
ciated fibroblast (CAF). 
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 Abstract 
  Background:  Level I evidence supports the use of sorafenib in patients with Barcelona Clinic 
Liver Cancer (BCLC) stage C hepatocellular carcinoma, where heterogeneity in efficacy exists 
due to varying clinicopathologic features of the disease.  Aim:  We evaluated whether prior 
treatment with curative or locoregional therapies influences sorafenib-specific survival.  Meth-
ods:  From a prospective data set of 785 consecutive patients from international specialist 
centres, 264 patients (34%) were treatment naïve (TN) and 521 (66%) were pre-treated (PT), 
most frequently with transarterial chemoembolization ( n  = 413; 79%). The primary endpoint 
was overall survival (OS) from sorafenib initiation with prognostic factors tested on uni- and 
multivariate analyses.  Results:  Median OS for the entire cohort was 9 months; the median 
sorafenib duration was 2.8 months, with discontinuation being secondary to progression ( n  = 
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454; 58%) or toxicity ( n  = 149; 19%). PT patients had significantly longer OS than TN patients 
(10.5 vs. 6.6 months;  p  < 0.001). Compared to TN patients, PT patients had a better Child-Pugh 
(CP) class (CP A: 57 vs. 47%;  p  < 0.001) and a lower BCLC stage (BCLC A–B, 40 vs. 30%;  p  = 
0.007). PT status preserved an independent prognostic role ( p  = 0.002) following adjustment 
for BCLC stage, α-fetoprotein, CP class, aetiology, and post-sorafenib treatment status. PT pa-
tients were more likely to receive further anticancer treatment after sorafenib (31 vs. 9%;  p  < 
0.001).  Conclusion:  Patients receiving sorafenib after having failed curative or locoregional 
therapies survive longer and are more likely to receive further treatment after sorafenib. This 
suggests an incremental benefit to OS from sequential exposure to multiple lines of therapy, 
justifying treatment stage migration in eligible patients.  © 2017 S. Karger AG, Basel 

 Introduction 

 Hepatocellular carcinoma (HCC) is the third most common cause of cancer-related death 
worldwide at a mortality-to-incidence ratio of 0.95  [1, 2]  and 5-year survival rates ranging 
from 5 to 20%  [3] . Treatment options for HCC have widened and improved over time to 
include surgical, locoregional, and systemic therapies  [4] , and staging algorithms including 
the Barcelona Clinical Liver Cancer (BCLC) system have facilitated a rational treatment allo-
cation process. Despite increasing efforts addressed at harmonizing management decisions, 
there is recognized geographical variation in the provision of radical and palliative treat-
ments in HCC where regional preferences and the availability of each treatment modality 
among the treating multidisciplinary tumour board affect outcomes  [5, 6] .

  The last decade has seen sorafenib emerging as the first systemic agent to produce a 
survival benefit of approximately 3 months in the treatment of advanced HCC  [7, 8] . The 
magnitude of the survival benefit documented in pre-registration trials is extrapolated from 
a population of patients with advanced HCC, Child-Pugh (CP) class A, for whom sorafenib 
represented the first-line option for systemic therapy  [9] .

  In clinical practice, the provision of sorafenib is not solely restricted to treatment-naïve 
(TN) patients who present with advanced HCC and preserved liver function, but also extends 
to patients who have progressed after curative or locoregional therapies. The provision of 
sorafenib as the next most suitable therapy in the context of disease progression or patient 
ineligibility to further locoregional therapies, a concept also termed “treatment stage 
migration”  [10] , is globally the most common indication for the use of sorafenib, as shown in 
the GIDEON study, where 57% of the patients on sorafenib had previously received local 
surgical ablative therapy or transarterial chemoembolization (TACE)  [11] . Subanalyses of 
pre-registration trials have initially demonstrated that sorafenib treatment leads to a signif-
icant survival advantage over placebo in patients with HCC irrespective of a number of key 
clinicopathologic features, including disease aetiology, baseline tumour burden, performance 
status, tumour stage, and prior therapy  [12, 13] . However, it is unclear whether TN patients 
have a life expectancy similar to that of patients who are migrated to sorafenib after failure 
of radical/locoregional therapies in routine clinical care, where provision of sorafenib does 
not strictly follow clinical trial eligibility criteria and often extends to subjects with a wider 
range of liver functional reserve and BCLC stage, variables that are likely to make the expected 
survival benefit from sorafenib dissimilar to that reported in phase III trial data  [14, 15] . 
Moreover, since the treatment landscape of HCC has recently expanded to include second-line 
therapies  [16, 17] , it is important to understand whether treatment sequencing prior to 
sorafenib might influence the eligibility of patients to receive further systemic treatment lines 
following sorafenib discontinuation  [18] .
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  To address these issues, we designed this study aiming to compare and contrast the clin-
icopathologic features and survival outcomes of patients who received sorafenib for two 
different clinical indications: (1) as first-line therapy for previously untreated HCC (TN group) 
or (2) in the context of disease progression or relapse following prior treatment with radical 
or locoregional therapies (PT group).

  Methods 

 This observational study was conducted on a prospectively maintained, multicentre data set of 867 
consecutive patients receiving sorafenib from 6 tertiary referral centres with HCC multidisciplinary services 
between 2008 and 2016. From this database, 77 patients who had previously received systemic therapy and 
5 CP class C patients were excluded.

  The final data set of 785 patients consisted of 449 patients (61.0%) from Europe and 306 (39.0%) from 
Asia. The European centres included 95 patients (12.1%) from Imperial College London (UK), 68 patients 
(8.7%) from University Hospital Freiburg (Germany), 53 patients (6.8%) from the Academic Liver Unit in 
Novara (Italy), and 263 patients (33.5%) from the Humanitas Cancer Center in Milan (Italy). The Asian 
subgroup included 192 patients (24.5%) from Kindai University, Osakasayama (Japan), and 114 patients 
(14.5%) from the National Cancer Center Hospital, Goyang (South Korea) ( Fig. 1 ). All patients met the criteria 
for a histological and/or radiological diagnosis of HCC  [10] .

  Sorafenib was administered after multidisciplinary discussion, either as the first anticancer therapy or 
in the setting of relapse, failure, or ineligibility to radical or locoregional treatments. The clinical follow-up 
of the patients during sorafenib treatment included routine blood tests, physical examination, and adverse 
event assessment before each cycle of sorafenib. Radiologic staging was performed using computerized 

82 patients excluded:
Prior systemic therapy - 77
Child-Pugh stage C cirrhosis - 5

Study population 785

Piemonte Orientale University 
(Novara, Italy)

53 (6.8%)

University Hospital
(Freiburg, Germany)

68 (8.7%)

Imperial College
(London, UK)
95 (12.1%)

EUROPE      ASIA

Kindai University
(Osaka, Japan)

192 (24.5%)

867 patients treated with sorafenib

National Cancer Center Hospital
(Goyang, South Korea)

114 (14.5%)

Humanitas Cancer Center 
(Milan, Italy)
263 (33.5%)

  Fig. 1.  Study flow chart. 
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tomography and/or magnetic resonance imaging, as clinically indicated. The patients were re-assessed 
radiologically for disease response status every 8–12 weeks using the modified RECIST (mRECIST) criteria 
on contrast-enhanced imaging.

  The patients’ clinicopathological characteristics, including treatments received prior to and after 
sorafenib, were collected, and the baseline CP class and BCLC stage were reconstructed  [19, 20] . The primary 
endpoint of this study was overall survival (OS), calculated from the date of sorafenib commencement until 
death or last follow-up. In addition, we performed a subgroup analysis on post-sorafenib treatment status to 
explore its confounding effect on survival in the PT and TN groups.

  The study was performed following research ethics committee approval from all participating institu-
tions in accordance with the good clinical practice standards published in the Declaration of Helsinki.

Patient characteristic Treatment naïve
n = 264

Prior treatment
n = 521

p value

Median age at sorafenib 
initiation (range), years

68.6 (59.9 – 76.2) 69.5 (61.4 – 76.6) 0.309

Gender 
Male 204 (77.3%) 426 (81.8%) 0.135
Female 60 (22.7%) 95 (18.2%)

Aetiology
Hepatitis B virus 58 (22.0%) 125 (24.0%) 0.003
Hepatitis C virus 76 (28.8%) 203 (39.0%)
Non-viral 130 (49.2%) 193 (37.0%)

Geography
Western 197 (74.6%) 282 (54.1%) <0.001
Eastern 67 (25.4%) 239 (45.9%)

Extrahepatic spread
Absent 162 (63.3%) 317 (61.4%) 0.619
Present 94 (36.7%) 199 (38.6%)

Portal vein invasion
Absent 170 (64.4%) 397 (76.2%) <0.001
Present 94 (35.6%) 124 (23.8%)

α-Fetoprotein
>400 ng/mL 121 (46.9%) 181 (36.0%) 0.004
<400 ng/mL 137 (53.1%) 322 (64.0%)

Child-Pugh class
A 117 (47.2%) 283 (57.3%) 0.009
B 131 (52.8%) 211 (42.7%)

BCLC stage
A/B 80 (30.3%) 209 (40.1%) 0.007
C 184 (69.7%) 312 (59.9%)

Median duration of 
sorafenib treatment 
(range), months

2.9 (1.6 – 6.9) 2.6 (1.4 – 6.9) 0.755

Previous treatment
Liver resection – 148 (28.4%) –
Liver transplant – 7 (1.3%)
RFA – 168 (32.2%)
TACE – 413 (79.3%)

Bold type denotes significance. BCLC, Barcelona Clinic Liver Cancer; 
RFA, radiofrequency ablation; TACE, transarterial chemoembolization.

 Table 1. Clinicopathologic 
features at study baseline
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  Statistical Analysis 
 The patients’ characteristics were analysed by descriptive statistical methods and are presented as 

means or medians, as appropriate. Normality was tested with the Shapiro-Wilk test. The Pearson χ 2  test or 
Fisher exact test was used for analysis of proportions, as appropriate. Kaplan-Meier curves with log-rank 
testing were used to perform a univariate survival analysis, with significant factors ( p  < 0.05) being entered 
into Cox regression models. All statistical analyses were performed using SPSS version 21.0 (IBM Inc., 
Chicago, IL, USA) and conducted at 95% confidence intervals (95% CI), with a two-tailed level of significance 
at  p  < 0.05.

  Results 

 Patient Characteristics 
 A total of 785 patients receiving sorafenib for HCC were included: 521 patients (66.4%) 

had been pre-treated with either potentially curative or locoregional treatment (PT group) 
and 264 patients (33.6%) were treatment naïve (TN group). The treatment modalities in the 
PT group included TACE ( n  = 413; 79.3%), radiofrequency ablation (RFA;  n  = 168; 32.2%), 
and liver resection ( n  = 148; 28.4%). The mean number of prior treatment lines was 2, with 
282 patients (54.1%) having received only 1 prior line of treatment.

  The differential distribution of the clinical characteristics of the TN and PT patients is 
presented in  Table 1 . There were no differences in age at sorafenib initiation, gender distri-
bution, and extrahepatic spread between the TN and PT cohorts at baseline. The treatment 
duration was similar across the groups: 2.9 months (95% CI: 1.6–6.9) in the TN group and 2.6 
months (95% CI: 1.4–6.9) in the PT group ( p  = 0.75). Sorafenib discontinuation primarily 
followed progression of disease ( n  = 454; 58.1%) and unacceptable toxicity ( n  = 149; 19.0%). 
Hepatitis C virus (HCV) aetiology was more prevalent in PT than in TN patients ( n  = 203, 
39.0%, vs.  n  = 76, 28.8%;  p  = 0.003). There were more patients treated in Western centres in 
the TN group ( n  = 197; 74.6%) than in the PT group ( n  = 282; 54.1%) ( p  < 0.001). At baseline, 
312 patients (59.9%) in the PT group satisfied BCLC stage C criteria, as compared to 184 
patients (69.7%) in the TN group ( p  = 0.007). The PT group had a higher proportion of CP 
class A patients ( n  = 283; 57.3%) than the TN group ( n  = 117; 47.2%) ( p  = 0.009), as well as 
lower α-fetoprotein (AFP) levels, with 181 patients (36.0%) having an AFP level >400 ng/mL 
in the PT group as compared to 121 patients (46.9%;  p  = 0.004) in the TN group. There were 
no differences in dose reductions between the two groups ( n  = 99, 38.2%, in the TN group 
and  n  = 170, 33.0%, in the PT group;  p  = 0.151).

  Prognostic Relationship between Prior Treatment Status and Sorafenib-Specific Survival 
in Patients with HCC 
 Overall, 637 patients (81.1%) had died by the time of analysis, 233 (88.3%) in the TN 

group and 404 (77.5%) in the PT group. Median OS across the whole study population was 
9.0 months (95% CI: 8.2–9.7). The patients in the Eastern centres had a median OS of 8.5 
months ( n  = 306; 95% CI: 7.1–9.9 months), while the patients in the Western centres had a 
non-dissimilar median OS of 9.9 ( n  = 479; 95% CI: 8.2–10.0 months: log-rank  p  = 0.074). On 
univariate analysis, the patients in the PT cohort had a significantly longer median OS of 10.5 
months (95% CI: 9.2–11.8), compared to 6.6 months (95% CI: 5.6–7.6; log-rank  p  < 0.001) in 
the TN group ( Fig. 2 a). Other univariate predictors of poorer OS included aetiology of chronic 
liver disease ( p  = 0.006), AFP >400 ng/mL ( p  < 0.001), portal vein invasion (PVI;  p  < 0.001), 
extrahepatic spread ( p  < 0.001), CP class ( p  = 0.016), and BCLC stage ( p  < 0.001), as shown in 
 Table 2  and  Figure 2 . The multivariate analyses revealed prior treatment status to remain an 
independent predictor of OS (HR 1.32; 95% CI: 1.10–1.57;  p  = 0.002) following adjustment 
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  Fig. 2.  Kaplan-Meier curves de-
scribing the overall survival of 
patients with hepatocellular carci-
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(pre-treated or treatment naïve) 
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of the underlying cirrhosis ( c ). 
BCLC, Barcelona Clinic Liver Can-
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for aetiology, CP class, BCLC stage, and AFP level ( Table 2 ). When stratified according to BCLC 
stage, the prior treatment status was able to identify patient subsets with clinically mean-
ingful differences in survival, ranging from 18.6 months for PT BCLC stage A/B patients to 
8 months for TN BCLC stage A/B patients who were unfit to receive radical or locoregional 
therapies (online suppl. Table 1; see www.karger.com/doi/10.1159/000480441 for all 
online suppl. material).

  We evaluated the relationship between prior treatment status and best type of radiologic 
response according to the mRECIST criteria. Radiologically proven disease progression was 
documented in 58 TN patients (63.7%) and 162 PT patients (59.3%), with no difference in 
response rate between the groups ( p  = 0.22) ( Table 3 ).

  In the analysis of treatment after sorafenib discontinuation, we excluded patients on 
ongoing sorafenib ( n  = 23) or in disease remission ( n  = 7). In the entire study cohort, provision 
of further anticancer treatment ( n  = 119; 24.2%) was associated with an improved median 
OS of 18.3 months (95% CI: 13.8–22.9), as compared to 5.8 months (95% CI: 5.0–6.6) among 

 Table 2. Univariate and multivariate analyses of survival

n Univariate  Multivariate

OS, months 95% CI p value  HR 95% CI p value

Gender
Male 630 9.0 8.1 – 9.8 0.292 – – –
Female 155 9.2 7.2 – 11.2

Aetiology
Non-viral 323 8.7 7.8 – 9.6 0.006 – – 0.103
Hepatitis B virus 183 6.8 5.4 – 8.2 1.04 0.83 – 1.29
Hepatitis C virus 279 11.3 9.4 – 13.2 0.84 0.69 – 1.01

Geography 0.074 – – –
Western 479 9.1 8.2 – 10.0
Eastern 306 8.5 7.1 – 9.9

α-Fetoprotein
>400 ng/mL 459 11.8 10.2 – 13.3 <0.001 – – <0.001
<400 ng/mL 302 5.6 4.7 – 6.6 1.82 1.53 – 2.16

Portal vein invasion
Absent 567 9.9 8.8 – 11.1 <0.001 – – –
Present 218 5.9 4.7 – 7.0

Extrahepatic spread
Absent 479 9.7 8.6 – 10.8 <0.001 – – –
Present 293 7.0 5.7 – 8.3

Child-Pugh class
A 400 9.2 7.9 – 10.5 0.016 – – 0.046
B 342 8.6 7.6 – 9.6 1.19 1.00 – 1.41

BCLC stage
A/B 289 12.7 10.3 – 15.2 <0.001 – – <0.001
C 496 7.0 6.1 – 7.9 1.65 1.38 – 1.98

Treatment group
Pre-treated 521 10.5 9.2 – 11.8 <0.001 – – 0.002
Treatment naïve 264 6.6 5.6 – 7.6 1.32 1.10 – 1.57

Bold type denotes significance. OS, overall survival; BCLC, Barcelona Clinic Liver Cancer.

－939－



320Liver Cancer 2017;6:313–324

 DOI: 10.1159/000480441 

 Yen et al.: Treatment Stage Migration Maximizes Survival Outcomes in Patients with 
Hepatocellular Carcinoma Treated with Sorafenib: An Observational Study 

www.karger.com/lic
© 2017 S. Karger AG, Basel

the patients who received best supportive care (BSC;  n  = 373; 75.8%;  p  < 0.001), with an HR 
of 1.8 (95% CI: 1.4–2.2). In the patient cohort receiving further anticancer therapy, 64 patients 
(53.8%) received further systemic therapy, while 76 (63.9%) of them received locoregional 
therapy (hepatic arterial infusion chemotherapy or radioembolization), with 21 (17.6%) 
receiving both locoregional and systemic therapy after sorafenib. Upon sorafenib discontinu-
ation, the patients in the PT group were more likely to receive further anticancer treatment 
( n  = 105; 30.7%) than the TN patients ( n  = 14; 9.3%;  p  < 0.001;  Table 3 ).

  Lastly, we address the potential confounding effect of post-sorafenib therapy status on 
OS. Among the patients who received BSC after sorafenib discontinuation, the PT group ( n  = 
237; 63.5%) had a longer median OS of 7.0 months (95% CI: 5.2–8.9), as compared to the TN 
group ( n  = 136; 36.5%) with a median OS of 4.9 months (95% CI: 4.2–5.6;  p  = 0.007), with an 
HR of 1.4 (95% CI: 1.1–1.7) ( Fig. 3 a). Similarly, among the patients who received further anti-
cancer treatment after sorafenib, the PT group ( n  = 105; 88.2%) had a longer median OS of 
18.6 months (95% CI: 16.5–20.8), as compared to 7.0 months (95% CI: 6.5–7.6) in the TN 
group ( n  = 14; 11.8%;  p  = 0.004;  Fig. 3 b), with an HR of 2.3 (95% CI: 1.3–4.2). This confirmed 
that the prognostic stratification imparted by pre-sorafenib treatment status was maintained 
independently from post-sorafenib treatment.

  Discussion 

 The multi-targeted tyrosine kinase inhibitor sorafenib has remained the only evidence-
based systemic treatment option for patients with HCC for a decade, having been the first 
compound to demonstrate a significant survival benefit over placebo in two landmark phase 
III studies  [7, 8] . Whilst the positioning of this treatment has initially coincided with the BCLC 
stage C category of patients (i.e., patients with metastases or PVI, a performance status of 0–2, 
and preserved liver function), the administration of sorafenib has progressively widened to 
include patients with earlier-stage disease who have progressed or are deemed ineligible to 
further radical or locoregional therapies.

  These indications, defined within the BCLC guidelines as “treatment stage migration” 
 [10] , are based on subgroup analyses of clinical trials showing that sorafenib is more effica-
cious than placebo in advanced HCC irrespective of prior treatment  [12, 13] . In the post-
sorafenib era, however, inconclusive evidence exists to demonstrate whether PT and TN 
patient subpopulations might have a different life expectancy whilst on sorafenib treatment 

 Table 3. Comparison of radiologic responses and the post-sorafenib treatment status between the pre-treated 
and treatment-naïve patients

Treatment naïve Pre-treated p value

Radiologic response n = 91 n = 273
Progressive disease 58 (63.7%) 162 (59.3%) 0.220
Stable disease 28 (30.8%) 75 (27.5%)
Partial response 5 (5.5%) 32 (11.7%)
Complete response 0 (0%) 4 (1.5%)

Treatment after sorafenib discontinuation n = 157 n = 365
Best supportive care 136 (90.7%) 237 (69.3%) <0.001
Further anticancer treatment 14 (9.3%) 105 (30.7%)

Bold type denotes significance.

－940－



321Liver Cancer 2017;6:313–324

 DOI: 10.1159/000480441 

 Yen et al.: Treatment Stage Migration Maximizes Survival Outcomes in Patients with 
Hepatocellular Carcinoma Treated with Sorafenib: An Observational Study 

www.karger.com/lic
© 2017 S. Karger AG, Basel

 [21–24] . In addition, expanding level I evidence across the various stages of HCC has impor-
tantly shown that the efficacy of sorafenib is strongly dependent on the stage of the disease. 
The STORM trial has in fact revealed that sorafenib is ineffective in reducing the risk of relapse 
after resection or RFA in early-stage HCC  [25] . Similarly, the SPACE trial and, subsequently, 
the TACE-2 trial have provided unequivocal evidence that the provision of sorafenib alongside 
TACE does not improve the survival of patients with intermediate-stage HCC  [26–28] . Taken 
together, the evidence produced to date suggests significant heterogeneity in the clinical 
activity of sorafenib across stages and indications.

  With this in mind, we conducted this study to evaluate whether the survival outcomes of 
patients receiving sorafenib as first-line anticancer therapy are significantly different from 
those of patients who are “migrated” to sorafenib after failure of prior radical or locoregional 
therapies. In our large, consecutive patient series, consisting of a multicentre database from 
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  Fig. 3.  Kaplan-Meier curves de-
scribing the differences in overall 
survival of patients classified ac-
cording to prior treatment status 
following stratification by the 
type of therapy received after 
permanent sorafenib cessation: 
best supportive care (BSC) ( a ) or 
further active anticancer thera-
pies ( b ). 
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6 tertiary referral centres across Europe and Asia, we confirmed that sorafenib-specific OS is 
significantly influenced by the previous anticancer treatment status.

  In our study, the patients in the PT group had better liver functional reserve, lower 
tumour stages, higher AFP levels, and a lower prevalence of PVI, suggesting that the difference 
in survival observed between the pre-treatment and the treatment-naïve group may be 
attributed to differences in common clinicopathologic features of the disease  [12, 20, 29–33] . 
However, when we performed multivariate analyses of survival, we found that the 4-month 
increase in the probability of survival associated with prior treatment was independent of 
liver functional reserve, stage, aetiology, and AFP levels, which is to suggest that the imbalance 
of prognostic factors may not entirely explain the difference in survival we observed between 
the groups.

  Our results suggest that patients considered for sorafenib in the context of relapsed/
progressive HCC after radical/locoregional therapies are clinically diverse from those who 
present with de novo metastatic disease – who, in our study, had shorter OS times despite an 
equal duration of sorafenib treatment and comparable radiologic responses. We cannot 
discount the possibility that biologic factors intrinsic to the molecular makeup of HCC might 
be at the basis of the different survival periods observed between the PT and the TN group, 
more so in light of recent evidence suggesting genomic diversity in the evolution of HCC  [34] . 
It is possible that in the PT group, the HCC might have had a more indolent course that allowed 
early detection and facilitated the provision of multiple lines of treatment, leading to better 
patient selection. On the other hand, the diverse distribution of aetiologic factors across 
groups might be an equally important factor to underpin such biologic heterogeneity. Inter-
estingly, in our study, we found the PT group to comprise more HCV-related cirrhotics, whose 
survival was significantly superior to those with other aetiologies, echoing evidence from 
recently published meta-analyses highlighting improved survival among patients with HCV-
associated HCC treated with sorafenib  [35] .

  Regardless of the causality, the diversity in prognostic outlook that we document here is 
a finding of greater consequence with the advent of second-line therapies for HCC. In our 
study, PT patients were less likely to receive BSC following sorafenib cessation, making this 
group an optimally suited patient population for further anticancer treatment upon permanent 
sorafenib cessation.

  Our results may also have important implications for optimizing the sequencing of treat-
ments for patients with HCC. Whilst limited by a non-randomized observational study design, 
our findings suggest that in patients who are initially eligible to radical/locoregional ther-
apies, these should be prioritized over systemic treatment. The use of sorafenib as “salvage” 
treatment in the context of disease progression or relapse after radical/locoregional ther-
apies does not seem to negatively affect outcome, being conversely associated with an 
improved survival probability despite the longer time from the original diagnosis of HCC that 
characterizes the PT group.

  We acknowledge a number of limitations to our observations. Firstly, the multicentre 
observational nature of this study, whilst limiting systematic bias, is influenced by the hetero-
geneity in the provision of treatments prior to and after sorafenib therapy, with implications 
for the estimation of survival. Secondly, we could not adjust our analyses for the type or 
number of TACE procedures, a treatment strategy characterized by wide interinstitutional 
variability. Despite the acknowledged limitations, our patient data set is fully representative 
of the population of patients eligible to sorafenib  [7, 8, 36] : the median OS of 10.4 months in 
our PT group is similar to that of the patients treated with TACE in the SHARP trial (median 
OS: 11.9 months) and with TACE or RFA in the Asian-Pacific trial (median OS: 7.3 and 10.5 
months, respectively)  [12, 13] . 
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  To conclude, in this observational study we have shown that TN patients receiving 
sorafenib as first-line anticancer therapy have profoundly different survival outcomes from 
those who received it after prior treatment for HCC. We have highlighted the sources of 
clinical heterogeneity, including stage and liver functional imbalance, underlying this 
difference. Indirectly, our study supports the provision of sorafenib in the context of treatment 
migration following failure of radical or locoregional therapies, and highlights that this patient 
population is optimally suited for second-line therapies. Whilst we could not control for 
potential confounders – including a different underlying biology, varying burden of disease 
within each BCLC stage, and a different and heterogeneity in the criteria for conversion from 
radical/locoregional to sorafenib – taken together, our study suggests that TN and PT patients 
should be regarded as different clinical entities, a finding that should be carefully weighted in 
clinical study design as well as in clinical practice.
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Summary Background Nivolumab demonstrates promising
efficacy for the treatment of non-small cell lung cancer and other
malignancies. The clinical benefit of nivolumab, however, may
be hampered by specific immune-related adverse events (irAEs),
and little is known regarding nivolumab-related cholangitis.
Methods A computerized search of our clinical database identi-
fied 3 metastatic non-small cell lung cancer patients with
nivolumab-related cholangitis. All patients were treated with in-
travenous nivolumab monotherapy (3.0 mg/kg) every 2 weeks
until disease progression or irAEs occurred. Clinical data regard-
ing the duration of nivolumab treatment, symptoms, laboratory
abnormalities, pathological findings of liver parenchyma biopsy
specimens, and management of nivolumab-related cholangitis
were analyzed. Results Our analysis revealed that nivolumab-
related cholangitis was characterized by (1) localized extrahepat-
ic bile duct dilation without obstruction; (2) diffuse hypertrophy
of the extrahepatic bile duct wall; (3) a dominant increase in the
biliary tract enzymes alkaline phosphatase and gamma-glutamyl
transpeptidase relative to the hepatic enzymes aspartate and ala-
nine aminotransferase; (4) normal or reduced levels of the serum

immunological markers antinuclear antibody, antimitochondrial
antibody, smooth muscle antibody, and immunoglobulin G4; (5)
the pathological finding of biliary tract cluster of differentiation
8-positive Tcell infiltration from liver biopsy; and (6) amoderate
to poor response to steroid therapy. Conclusions Nivolumab-
related cholangitis is associated with distinct imaging and clini-
copathological features that distinguish it from acute cholangitis
of common etiologies and other immune-related cholangitis.
Further studies are warranted to establish the optimal manage-
ment of patients with this irAE.

Keywords Cholangitis . Immune-related adverse event .

Nivolumabmonotherapy . Programmed death-1

Introduction

The programmed death-1 (PD-1) receptor is expressed on T
cells, whereas programmed death-ligand 1 (PD-L1) is
overexpressed on specific types of cancer cells. PD-1 can be
activated by binding to PD-L1, which leads to the suppression
of T cell (Th1) cytotoxic immune responses. This repression
pathway has been demonstrated to play a key role as a tumor
immune escape mechanism from host immunity and is upreg-
ulated in many tumors and in their surrounding microenviron-
ment. Nivolumab is a fully humanized immunoglobulin G4
(IgG4) monoclonal antibody that blocks the engagement of
PD-1 by PD-1 ligands with immune checkpoint inhibitory
and antineoplastic activities. Based on the evidence that
blockade of the PD-1/PD-L1 pathway with nivolumab
leads to remarkable clinical responses in patients with
many types of cancer, including melanomas, non-small
cell lung cancer (NSCLC), renal cell carcinoma, bladder can-
cer, and Hodgkin’s lymphoma [1–8], the United States Food
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and Drug Administration has approved nivolumab for the
treatment of these malignancies.

The clinical benefit of nivolumab, however, may be ham-
pered by specific immune-related adverse events (irAEs)
caused by dysregulation of the host immune system [9],
whereby unregulated T cells damage the host [10–12]. For
nivolumab-treated NSCLC patients, two major irAEs include
diarrhea and a rash that affects 8.0–11.0% and 4.0–11.0% of
patients, respectively. Hepatitis is also an important irAE that
affects 1.0–3.0% of nivolumab-treated patients [8, 13, 14].
However, to date, no information has been available
regarding nivolumab-related cholangitis. Herein, we re-
port on a case series of 3 patients with nivolumab-
related cholangitis and describe its specific imaging and
clinicopathological features.

Patients and methods

A computerized search of our institution’s clinical database
identified 3 patients with nivolumab-related cholangitis who
had imaging data available at the time irAEs occurred. All
patients in our series had unresectable or metastatic NSCLC
and were treated with intravenous nivolumab monotherapy
(3.0 mg/kg) every 2 weeks until disease progression or
irAEs occurred. Clinical data regarding the duration of
nivolumab treatment, symptoms, laboratory abnormalities,
pathological findings of liver parenchyma (or extrahepatic bile
duct) biopsy specimens, and management of nivolumab-
related cholangitis were analyzed.

Contrast-enhanced computed tomography (CT) scans of
the chest, abdomen, and pelvis were routinely performed im-
mediately prior to (baseline CT) and every 2 months after
commencing nivolumab treatment. All patients in the current
study underwent abdominal CT and/or additional imaging
tests, including endoscopic ultrasonography, endoscopic
retrograde cholangiopancreatography, and magnetic res-
onance cholangiopancreatography, due to abnormal
hepatobiliary function test results during or after nivolumab
treatment. CT scans performed at the time hepatobiliary func-
tion test abnormalities occurred were compared with the base-
line and available follow-up CT images to identify serial
changes during the clinical course of the treatment.

Results

Clinicopathological characteristics

Between December 2015 and October 2016, a total of 91
patients with metastatic or recurrent NSCLC were adminis-
tered nivolumab at our institution. Our analysis identified 3
patients with nivolumab-related cholangitis, yielding an

incidence rate of 3.3% for this irAE. The patients’ baseline
characteristics are summarized in Table 1. None of the patients
had a history of acute, chronic, or autoimmune cholangitis or
pancreatitis prior to commencing nivolumab treatment. Case 3
developed liver metastasis in S8, which was distant from the
intrahepatic bile duct. The imaging and clinicopathological
features of the 3 patients with nivolumab-related cholangitis
in our case series (Cases 1–3) are summarized in Table 2. The
clinical manifestations of these cases are comparable to those
of obstructive cholangitis, including general fatigue and a
mild fever. Biliary enzymes were dominantly increased in all
cases, with peak alkaline phosphatase levels of >2000 U/L
(reference range, <50 U/L) and peak gamma-glutamyl
transpeptidase levels of >800 U/L (reference range,
<30 U/L), compared with hepatic enzymes, with peak
aspartate aminotransferase levels of 89–142 U/L (reference
range, <30 U/L) and peak alanine aminotransferase levels of
70–144 U/L (reference range, <42 U/L) (Fig. 1a–c and
Table 2). A moderate increase in total bilirubin levels of
≤3.8 mg/dL was also observed.

In Cases 1 and 3, serological test results for viral hepatitis
and antibodies associated with autoimmune hepatitis or
cholangitis, including antinuclear antibody, antimitochondrial
antibody, and smooth muscle antibody, were negative. In Case
2, the intensity of antinuclear antibody staining was scored as
1+. However, all other serological test results were negative.
Serum IgG4 levels were normal in all cases. All patients had
an uneventful treatment course until hepatobiliary function
test abnormalities occurred. Hepatotoxic medication, herbal
drugs, and alcohol were not adopted during nivolumab
treatment.

The time course of the hepatobiliary function test abnor-
malities was identified during nivolumab treatment (9 and 6
courses in Cases 1 and 2, respectively; Fig. 1a–b). In contrast,
in Case 3, hepatobiliary function test abnormalities were ob-
served 2 months after the final administration of nivolumab
(Fig. 1c). Hepatobiliary function test abnormalities were char-
acterized by a rapid increase and delayed decrease after dis-
continuation of nivolumab treatment. In Case 3, antibiotic
treatment was initially administered on suspicion of infectious
cholangitis. In Cases 2 and 3, endoscopic bile duct drainage
was performed with plastic stents in place in order to exclude
the possibility of cholangitis caused by an obstruction.
However, laboratory data indicated little improvement follow-
ing the procedure. After excluding the possibility of a biliary
tract infection, Cases 1 and 2 were treated with steroids
(0.5 mg/kg of oral prednisolone, tapered over a 1–2-week
period, depending on the patient’s condition) and nivolumab
was reintroduced due to a rapid, steroid-induced decrease in
hepatobiliary enzyme activities. After the second administra-
tion of nivolumab with concomitant low doses of predniso-
lone, however, hepatobiliary function test abnormalities grad-
ually recovered over time (Fig. 1a–b).
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Imaging findings

Although clinical manifestations and serological test abnor-
malities were suggestive of obstructive cholangitis, all of the
patients in our case series demonstrated discriminative imag-
ing findings. In all cases, common CT findings included al-
most typical intrahepatic bile duct dilation, but extensive ex-
trahepatic biliary tract dilation (Fig. 2a–c). In Case 1 and 2,
hypertrophy of the gallbladder wall was also observed
(Fig. 2a–b). Additionally, all cases exhibited slight subclinical
extrahepatic bile duct dilation prior to commencing
nivolumab treatment (data not shown). Extrahepatic bile duct
dilation progressed during nivolumab treatment and frequent-
ly remained after discontinuation of nivolumab treatment,
even with steroid or antitumor necrosis factor-alpha antibody

therapy. There was no imaging data to suggest that a lesion
(e.g., common bile duct stones or a tumor) was responsible for
obstruction of the extrahepatic bile duct. Pancreatic imaging
was normal in all cases.

Endoscopic ultrasonography was performed in all cases,
demonstrating diffuse hypertrophy of the extrahepatic bile
duct (Fig. 3a–c). In Cases 2 and 3, cholangiopancreatography
(magnetic resonance cholangiopancreatography in Case
2 and endoscopic retrograde cholangiopancreatography
in Cases 2 and 3) demonstrated normal findings in the
intrahepatic bile duct and extrahepatic bile duct dilation
with distal beaking (Fig. 3d–f). No evidence of an ob-
struction in the bile duct (e.g., common bile duct stones
or a tumor) was detected by either endoscopic ultraso-
nography or cholangiopancreatography.

Table 2 Imaging and pathological findings of the patients (N = 3) in our case series

Patient Symptoms Peak hepatobiliary
abnormality and
immunological markers

Imaging findings Pathological findings

1 Fever, abdominal
discomfort

ALP: 1769 U/L; γ-GTP:
902 U/L; ALT: 144 U/L;
AST: 142 U/L; AMA(−);
ANA(−);IgG4(−); T-bil:
0.7 mg/dL;

CT: Extrahepatic bile duct dilation, hypertrophy
of the gallbladder and extrahepatic bile duct;
EUS: No obstruction, diffuse hypertrophy of
the gallbladder and extrahepatic bile duct,
normal intrahepatic bile duct findings.

Liver biopsy: T cell
infiltration around the
Glisson’s capsule (CD8+ T
cells were more dominant
than CD4+ T cells).

2 Fever, vomiting,
abdominal
discomfort, diarrhea

ALP: 1947 U/L; γ-GTP:
804 U/L; ALT: 101 U/L;
AST: 89 U/L; AMA(−);
ANA(1+); IgG4(−); T-bil:
3.8 mg/dL

CT: Extrahepatic bile duct dilation; EUS: No
obstructive lesions, diffuse hypertrophy of the
extrahepatic bile duct, normal intrahepatic bile
duct findings; ERCP/MRCP: No obstructive
lesions, extrahepatic bile duct dilation.

NA

3 Fever, general fatigue ALP: 2996 U/L; γ-GTP:
813 U/L; ALT: 70 U/L;
AST: 108 U/L; AMA(−);
ANA(−);IgG4(−); T-bil:
0.8 mg/dL

CT: Extrahepatic bile duct dilation; EUS: No
obstruction, diffuse hypertrophy of the
extrahepatic bile duct; ERCP: No obstruction,
extrahepatic bile duct dilation with distal
breaking, normal intrahepatic bile duct
findings.

Liver biopsy: T cell
infiltration around the
Glisson’s capsule (CD8+ T
cells were more dominant
than CD4+ T cells).

ALPAlkaline phosphatase, ALTAlanine aminotransferase, AMA Anti-mitochondrial antibody, ANA Anti-nuclear antibody, ASTAspartate aminotrans-
ferase, CD4 Cluster of differentiation 4, CD8 Cluster of differentiation 8, CT Computed tomography, ERCP Endoscopic retrograde
cholangiopancreatography, EUS Endoscopic ultrasonography, γ-GTP gamma-glutamyl transpeptidase, IgG4 Immunoglobulin G4, MRCP Magnetic
resonance cholangiopancreatography, NA Not available, T-bil Total bilirubin

Table 1 Baseline characteristics of the patients (N = 3) in our case series

Patient Sex Age (y) Histology Stage Site of
metastasis

Pre-treatment Number of
cyclesa

Best
response

1 M 64 ADC Stage IV Bone First-line: C + P + V; second-line: N 9 PR

2 F 73 SC Stage IV Bone First-line: NED + S-1; second-line: D; third-line:
PEM; fourth-line: N

6 PR

3 F 82 SC Recurrent Liver First-line: C + S-1; second-line: N; third-line: D 12 SD

aNumber of treatment cycles until hepatobiliary abnormalities occurred

ADC Adenocarcinoma, C Carboplatin, CDDP Cisplatin, D Docetaxel, F Female, M Male, N Nivolumab, NED Nedaplatin, P Paclitaxel,
PEM Pemetrexed, PR Partial response, RT Radiotherapy, S-1 tegafur/gimeracil/oteracil, SC Squamous carcinoma, SD Stable disease, V
Veliparib, y Years
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Histopathological analysis

Histopathological analysis of liver biopsy specimens was
performed for Cases 1 and 3. Although CT scans (or
other imaging modalities) revealed minimal changes in
the intrahepatic biliary tract, T cell infiltration was observed,
especially around the Glisson’s capsule (Fig. 4a–b) where
cluster of differentiation 8 (CD8)-positive T cells were domi-
nant compared to CD4-positive T cells. Pathological findings
(e.g., spotty or bridging necrosis) were not detected, suggest-
ing an acute or subacute response of this irAE.

Discussion

In the present case series, we report on nivolumab-related
cholangitis that was detected at a frequency of 3.3% in

nivolumab-treated NSCLC patients. Nivolumab-related
cholangitis was characterized by: (1) localized extrahepatic
bile duct dilation without obstruction; (2) diffuse hypertrophy
of the extrahepatic bile duct wall; (3) a dominant increase in
the biliary tract enzymes alkaline phosphatase and gamma-
glutamyl transpeptidase relative to the hepatic enzymes aspar-
tate and alanine aminotransferase; (4) normal or reduced
levels of the serum immunological markers antinuclear anti-
body, antimitochondrial antibody, smooth muscle antibody,
and immunoglobulin G4; (5) the pathological finding of bili-
ary tract CD8-positive Tcell infiltration from liver biopsy; and
(6) a moderate to poor response to steroid therapy. Only one
case of nivolumab-related cholangitic liver disease has been
reported to date [15]. This case was similar to ours, with dom-
inant increases in biliary tract enzymes relative to hepatic en-
zymes, CD8-positive lymphocyte infiltration on liver biopsy,
and a poor response to steroid therapy. Unfortunately,

Fig. 1 Hepatobiliary function test profile and clinical course. Case 1: A
64-year-old man with a fever, abdominal discomfort, and elevated
hepatobiliary function test results during nivolumab treatment.
Nivolumab treatment was discontinued 4 cycles after the reintroduction
of nivolumab due to disease progression (a). Case 2: A 73-year-old wom-
an with a fever, vomiting, abdominal discomfort, and elevated
hepatobiliary function test results during nivolumab treatment. After
discontinuing nivolumab treatment due to cholangitis, tumor shrinkage

was maintained for 6 months (b). Case 3: An 82-year-old woman with a
fever, general fatigue, and elevated hepatobiliary function test results
during nivolumab treatment. The patient developed cholangitis 2 months
after the final administration of nivolumab (c). ALP, alkaline phospha-
tase; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
GGTP, gamma-glutamyl transpeptidase; PD, progressive disease; PSL,
prednisolone
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Fig. 3 Endoscopic ultrasonography demonstrating diffuse hypertrophy
of the extrahepatic bile duct in Cases 1 (a), 2 (b), and 3 (c). Case 2:
Magnetic resonance cholangiopancreatography demonstrating biliary
tract dilation localized to the extrahepatic lesion with distal beaking

(arrows) and no obstruction (d). Cases 2 and 3: Endoscopic retrograde
cholangiopancreatography demonstrating biliary tract dilation localized
to the extrahepatic lesion with distal beaking (arrows) and no obstruction
(e–f). CBD, common bile duct; PV, portal vein

Fig. 2 Computed tomography
(CT) imaging of nivolumab-
related cholangitis. Case 1:
Coronal contrast-enhanced CT
imaging. Extrahepatic bile duct
dilation and hypertrophy of the
gallbladder wall (arrows) in-
creased from prior CT imaging
(data not shown) during
nivolumab treatment (a). Case 2:
Axial contrast-enhanced CT im-
aging. Extrahepatic bile duct di-
lation (arrows) increased from
prior CT imaging (data not
shown) during nivolumab treat-
ment (b). Case 3: Axial contrast-
enhanced CT imaging.
Extrahepatic bile duct dilation
(arrows) increased from prior CT
imaging (data not shown) even
after nivolumab treatment (c)
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however, it remains uncertain as to whether this case is fully
consistent with our own, given that data are lacking for imag-
ing findings and the status of serum immunological markers.
Further accumulation of cases is anticipated to more clearly
define the characteristics of this irAE. Moreover, it remains
uncertain as to whether this irAE arises exclusively from
nivolumab or from other PD-1 and PD-L1 therapies as well.
This raises further questions that need to be addressed.

Similar imaging findings are associated with IgG4-related
cholangitis, a relatively new disease concept of which patients
meet the diagnostic criteria for primary sclerosing cholangitis,
but are characterized by different clinicopathological charac-
teristics [16]. Indeed, IgG4-related cholangitis frequently in-
volves the extrahepatic bile ducts, exhibiting generalized, but
irregular thickening or a tumefactive lesion [17]. However,
IgG4-related cholangitis is frequently associated with other
fibrosing conditions, especially autoimmune pancreatitis,
and is characterized by elevated serum IgG4 levels, IgG4-
positive plasma cell infiltration of the bile ducts, and a favor-
able response to steroid therapy [16]. Therefore, we reason-
ably considered our case series of cholangitis patients as a
distinct entity of irAE (i.e., nivolumab-related cholangitis).
Unlike IgG4-related cholangitis, the patients in our case series
did not exhibit a favorable response to steroid therapy, possi-
bly in part, due to insufficient quantities of steroids or Bburn
out^ of nivolumab-related cholangitis. Albeit limited, this sug-
gests that early use of a sufficient quantity of immunosuppres-
sive drugs may be effective in terms of clinical improvement
and resolution of imaging, as well as hepatobiliary function
test abnormalities, which awaits further evaluation. To estab-
lish the optimal management of this newly recognized irAE,
more studies are still warranted.

Biliary epithelial cells represent the initial contact points for
potential pathogenic microorganisms in the extrahepatic bile
duct that ascends from the intestinal tract. These cells express

and secrete chemokines and cytokines, including interferon
gamma, tumor necrosis factor-alpha, and interleukin-1, which
are important signaling molecules for biliary innate immune
defenses given that they can recruit neutrophils, monocytes, or
T lymphocytes, and the recruited immune cells can act as a
protective response against biliary tract infections [18].
Conversely, given their relatively high expression of human
leukocyte antigen class I–II, intercellular adhesion molecule-
1, and lymphocyte function-associated antigen-3, biliary epi-
thelial cells are also known to be vulnerable to immune attack
[19]. Together, it is possible that in the presence of an
appropriate antigen, PD-1 antibody, in association with
these adhesion molecules, extensively accelerates the activity
of cytotoxic T cells against biliary epithelial cells, resulting in
nivolumab-related cholangitis. Indeed, it has been reported
that biliary epithelial cell-mediated T cell activation occurs
partially via PD-1 ligands in a cell contact-dependent manner
in models of primary biliary cirrhosis [20]. In our case series,
all patients exhibited mild extrahepatic bile duct dilation im-
mediately prior to commencing nivolumab treatment, suggest-
ing that they had possibly had subclinical or latent cholangitis.
Although this may explain why nivolumab-related cholangitis
was localized to the extrahepatic bile duct, infiltration of CD8-
positive T cells was observed in the intrahepatic bile duct
where no obvious imaging abnormalities were detected.
Further studies are necessary to understand why this irAE
causes dilation and diffuse hypertrophy of the extrahepatic
bile duct.

Limitations of this study include potential bias associated
with the dosage, duration, and choice of immunosuppressive
therapy, which is inevitable in a retrospective analysis, as well
as, the small number of patients with a known history of
cholangitis after nivolumab treatment. In addition, we could
not fully perform the histopathological analyses in all 3 pa-
tients due to the retrospective design of our study.

Fig. 4 Cases 1 (a) and 3 (b): Hematoxylin and eosin (HE; upper left
panel), cluster of differentiation 8 (CD8; upper right panel), and cluster of
differentiation 4 (CD4; lower right panel) stained histopathological

specimens demonstrating T cell infiltration (arrows) around the
Glisson’s capsule (200× magnification)
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Nivolumab is a novel immunomodulator that demonstrates
promising efficacy for the treatment of NSCLC and other
malignancies. In addition, alternative anti-PD-1 and anti-PD-
L1 antibodies are awaiting approval [21]. Given the incremen-
tal use of nivolumab and other drugs of the same class in the
treatment of malignant diseases, it is of utmost importance to
understand the characteristic imaging findings and clinico-
pathological features of nivolumab-related cholangitis that is
detected in ~3.0% of nivolumab-treated NSCLC patients.
Further study is warranted to establish the optimal manage-
ment of patients with this irAE.
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Achievement of long‑term stent patency in endoscopic 
ultrasonography‑guided right bile duct drainage after left 
hepatic lobectomy (with video)
Kosuke Minaga, Mamoru Takenaka, Takeshi Miyata, Kentaro Yamao, Ken Kamata, Masayuki Kitano1, 
Masatoshi Kudo
Department of Gastroenterology and Hepatology, Faculty of Medicine, Kindai University, Osaka-Sayama, 1Second 
Department of Internal Medicine, School of Medicine, Wakayama Medical University, Wakayama, Japan

A 72-year-old female with advanced rectal cancer 
presented with obstructive jaundice 6 months after 
undergoing left hepatic lobectomy for liver metastases. 
Computed tomography revealed a dilated right 
intrahepatic bile duct, and a new liver metastasis 
appeared in her right hepatic lobe [Figure 1a]. 
Endoscopic retrograde cholangiopancreatography 
(ERCP) revealed severe stricture at the hepatic hilum; 
however, insertion of  an ERCP catheter into the right 
anterior intrahepatic duct was unsuccessful [Figure 1b]. 
Subsequently, endoscopic ultrasonography-guided 
right hepatic bile duct drainage (EUS-RBD) was 
attempted. The right anterior intrahepatic duct 
could be well-visualized with an echoendoscope 
from the duodenal bulb and was punctured with a 
19-gauge aspiration needle [Figure 2a]. A 0.025-inch 
angle-tip guidewire (VisiGlide 2; Olympus Medical 
Systems, Tokyo, Japan) was inserted into the biliary 
system [Figure 2b], and following dilation of  the fistula 
track by a 7-Fr biliary bougie dilator (Soehendra Biliary 
Dilation Catheter, Cook Medical, Winston-Salem, 
North Carolina, USA), a covered self-expandable 

metal stent (10 mm × 100 mm, Niti-S Biliary Covered 
Stent; Taewoong Medical, Seoul, South Korea) was 
successfully deployed through the duodenal bulb 
[Figure 2c and Video 1]. The total procedure time was 
42 min. The postoperative period was uneventful, and 
both jaundice and never mentioned before resolved in 
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Figure 1. (a) Computed tomography image showing a dilated right 
intrahepatic bile duct and liver metastasis in the right hepatic lobe. 
(b) Cholangiography image obtained by endoscopic retrograde 
cholangiopancreatography showing a severe stricture at the hepatic 
hilum. Repeated attempts to insert an endoscopic retrograde 
cholangiopancreatography catheter into the right anterior intrahepatic 
duct failed
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a week. Chemotherapy was resumed for advanced rectal 
cancer immediately after discharge. The patient died 
767 days after EUS-RBD because of  the progression 
of  her underlying disease; however, she remained free 
of  jaundice until death.

EUS-guided biliary drainage is a recently developed 
alternative technique in patients with biliary obstruction 
for failed ERCP.[1,2] Various techniques have been 
described; however, limited data are available regarding 
EUS-RBD[3-5] and long-term follow-up data are lacking. 
This is the first case which attained long-term stent 
patency in EUS-RBD after left hepatic lobectomy.

The use of  the Spyglass System (Boston Scientific, 
Natick, Massachusetts, USA) to facilitate selective 
placement of  a guidewire in the context of  difficult 
biliary strictures has been reported.[6] However, even if  
a guidewire had been successfully inserted across this 
stricture, the configuration and site of  the stricture 
would have made placement of  a self-expandable 
metal stent difficult, and a plastic stent would have to 
be used. Plastic stents tend to occlude within a few 
months, and the patient would have had to undergo 
repeat ERCP procedures for palliative drainage. In 
contrast, EUS-RBD using a self-expandable metal stent 
allowed long lasting effective drainage.

In conclusion, EUS-RBD could be an effective palliative 
option for right intrahepatic bile duct drainage, which 
is expected to maintain the patient’s quality of  life and 
achieve long-term stent patency and survival.
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Figure 2. (a) The right anterior intrahepatic duct was punctured using a 19-gauge aspiration needle under endosonographic guidance. (b) After the 
injection of contrast agent, a 0.025-inch guidewire was inserted into the biliary system. (c) A covered metal stent (10 mm wide and 100 mm long) 
was successfully deployed into the right hepatic bile duct via the duodenal bulb
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